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LINE OPERATION... SIMPLIFIED AUTOMATIC TITRATION 
IN CONVENIENT ECONOMICAL FORM 


A C pH METER—for extra convenient operation in the labora- 
tory. Line operated and unaffected by voltage variation. Dual 
scale for pH or Millivolts. The only pH meter providing an acces- 
sory for fully automatic titration. 


AUTOTRATOR—low cost accessory to the pH Meter—makes 
automatic titrations practical for every laboratory. Needs no 
special installation, uses standard laboratory apparatus. Quick, 
easy end-point settings—high volumetric accuracy. 


For data on the Autotrator ask for Bulletin B-221 
Model 18 information is in Bulletin B-223. 
Write to Coleman Instruments Dept. B. 


AMAZING PRECISION... COMPACT PORTABILITY 
BATTERIES LAST FOR A FULL YEAR’S WORK 


The Coleman COMPAX is a completely self-contained pH meter 

offering these desirable features at an unusually low price: 

@ the precision of potentiometric measurement. 

@ the stable reliability of battery power. 

@ one dial for both pH and standardization. 

© everything for a year’s work packed inside the case... long 
life batteries, electrodes, buffers and even. the beakers. 


For full details ask for Bulletin B-225. 
Write to Coleman Instruments Dept. B. 
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CHEMISTS— 


In civilian or defense laboratories—wherever chemists test for 
quality and uniformity, this question is of prime importance: 


‘How can we speed-up tests—and yet be certain determinations 
are accurate?”’ Equally important is the answer: 


Baker Analyzed’ Reagent Acids reduce testing time. . . for 
the actual lot analysis, showing impurities to the decimal, is 
reported on each label.’’ In addition, ‘Baker Analyzed’ Reagent 
Acids have other features found in quality working tools: 


For your convenience and protection, these acids are packed in 
easy-to-use acid-tite bottles, with safe, convenient screw-cap 
closures. Matching cap and label colors guard against acci- 
dental contamination. 


To aid speed with accuracy, the unique Baker manufacturing 
process assures high-quality acids—consistently uniform and 
water white. 


Baker Chemicals 


REAGENT *° FINE + INDUSTRIAL 


Labels and caps match in color. Nitric Acid-Red; Hydrochloric-Blue; 


SPEED-UP YOUR TESTS with ACCURACY 
use ‘Baker Analyzed’ REAGENT ACIDS 


—low in impurities 


You get all of these features when you specify ‘Baker Analyze 
Reagent Acids and Ammonium Hydroxide. Available in stro 

easy -to-open cases of ten 5-pint or twenty-four 1-pound bottle 
Also in 6¥%-gallon and 13-gallon carboys. 


There is a Baker distributor near you who will provide quid 
efficient service. Order your supply from your favorite labo 
tory supply house. 


J. T. Baker Chemical Co. 
Executive Offices and Plant, Phillipsburg, N. J. 


*ker Analyzed AE* 


Sulfuric-Yellow; Perchloric-Green; Ammonium Hydroxide-Clear 


ora SP Ss a 


oxy =: 


— 

4 
e 
e 
b 
él 

| 

49 
4a 

lease 1 


5 


Analyzed 
in stron 
d bottles 


de quick 
labo 


SERFASS 
ELECTRON RAY TITRATION 


ASSEMBLY 


FOR THE DETERMINATION OF ENDPOINTS IN GENERAL 
OXIDATION-REDUCTION REACTIONS 


ELECTRON RAY TITRATION ASSEMBLY, Serfass. The outfit ~ 
operates directly from either a.c. or d.c. supply systems on a simple : 
electronic circuit designed by Dr. Earl J. Serfass, of Lehigh University. 
See Industrial and Engineering Chemistry, Anal. Ed., Vol. 12, No. 9 (Sep- 
tember 15th, 1940), p. 586. The amplified potential differences originat- 
ing between the electrode-solution interface are transmitted to the 
electron ray tube (“magic eye”) which indicates endpoints instantane- 


ously by a change in the size of the wedge-shaped shadow 
which appears on the circular fluorescent target within 
the tube. The endpoint occurs when the largest per- 
manent change in shadow angle takes place per drop of 
titrant added. 

The control unit consists of a compact vacuum tube 
voltmeter with voltage regulator and connections for 
power supply, electron ray tube, electrodes and stirring 
motor. On the panel are dials for variation of sensitivity 
and control of the ray position and switches for connection 
with power supply and stirring motor and for control of 
the polarizing current. The electron ray tube is mounted 
in a separate housing with adjustable clamp for attach- 
ment to the vertical rod of a support stand for convenient 
observation of endpoints as indicated by the opening and 
closing of the ‘‘eye.”’ 

The outfit utilizes the self-polarizing platinum-tungsten 
electrode system and is suitable for use with platinum- 
nickel, calomel-platinum or polarized platinum-platinum 
electrode systems as in the Karl Fischer reagent procedure, 
but is not adapted for titrations requiring the glass 
electrode. 


Particularly suitable for: 


Showing appearance of “ magic 
eye”’ before and after reaching 
endpoint. 


General potentiometric titrations involving potassium dichromate, iodine, permanganate, ceric sulphate, ferrous sulphate, sodium thio- 


sulphate and ferrocyanide. 


The direct determination of chromium and vanadium in steel. 
The determination of chromium in chrome tanned leather and in chrome tanning liquors. 
Limited applications to acid-base and precipitation titrations but not adapted for pH determinations. 


Advantages: 


Simplicity of operation. Turbidity and color do not affect accuracy. 

The usual delicate indicating meter is replaced by the electron ray tube which indicates continuously without the 
annoyance of key tapping or balancing operations. 

Line operation eliminates the inherent disadvantages of battery operation. 

-A voltage regulator stabilizes the instrument against a.c. line fluctuations. 

Sensitivity is continuously variable, with full 100° shadow angle change in the “magic eye” with as little as 100 


millivolts change in potential. 


The control unit supplies polarizing current when required for polarizing mono-metallic electrodes. 
The electrical unit is placed to one side of the titration stand and is therefore not subject to corrosion from the sample. 


4937. Electron Ray Titration Assembly, Serfass, as above described, complete assembly as shown in illustration, consisting of control unit with 
electron ray tube in separate housing with adjustable clamp for attachment to support rod, titration stand complete with base and 
swinging shelf of Coors porcelain, paired burettes, clamps, platinum and tungsten electrodes with holder, and variable speed stirring 
apparatus with motor for 115 volts, 60 cycles, single phase a.c. With detailed directions for use including step by step procedures 


for typical titrations and preparation of standard solutions 


4937-F. Control Unit, Serfass, only, as included in above outfit, with electron ray tube in separate cylindrical housing with adjustable cm = 


attachment to support rod. For 115 volts, 60 cycles, a.c.. 


More detailed information sent upon request. 


ARTHUR H. THOMAS COMPANY 


LABORATORY APPARATUS AND REAGENTS 
WEST WASHINGTON SQUARE 
PHILADELPHIA 5, PA. 


Teletype Services: Western Union WUX and Bell System PH-72 
Telephones: Philadelphia, MArket 7-5600—New York (private line), REctor 2-5035—Washington, JUniper 7-5867 
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MODERN CHEMICAL 
PROCESSES 


Vol. 2 
By the Editors of Industrial and Engineering Chemistry 


Like the first, this second volume is a reference work 
of the very latest production methods in the chemical 
eo and process industries. Twenty-four recently de- 
eee veloped processes, now on full-scale production level, 
DUSTRY os oot are described in their entirety, including background, 
pale commercial and technical history, description of plant 
installation, operation of plant, economics of process, 
raw materials, plant investment and amortization, 
personnel, future prospects, and changes in the in- 

dustrial picture. 


290 pages $5.00 


CHEMICAL 


ENGINEERING 
TECHNIQUES 


methods used in cor : By B. E. LAUER and R. F. HECKMAN 


a new treatment of the 


tions 
ical. manufacturing opera 
ducting chem 


University of Colorado 

A long-needed, new approach to the techniques 
employed in the chemical and process industries. 
This integrated series of descriptions and classifications 
of techniques, according to their function, presents 
the means for solving fundamental problems in chemi- 
cal manufacturing operations. Recent industrially- 
proven techniques, as well as new applications of old 
techniques, are fully explained. 


450 pages $6.00 


Send for copies on approval 


REINHOLD PUBLISHING CORP. 


Dept. M-377, 330 West 42nd Street 
New York 36, N. Y. 
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A very sensitive, stable measuring instrument for chemical 
analytical procedures, based on the electrical properties 
of the substances to be identified, differentiated or deter- 
mined. Opens a new broad field for the development of 
analytical methods and control procedures. 

Readings are made in scale units having the dimensions 
of capacitance, and are proportional to that capacitance 
which is equivalent to the effect of the sample on the LC 
ratio of an oscillator. 

In its measurement of characteristics, it recognizes 
resistivity, electrical moments of the molecule and all 
factors contributing to the dielectric constant. 

Unlike prior electrometric instruments for chemical 
purposes, the Oscillometer operates with the samples 
isolated in glass cells, having no structural connection 
of any kind with electrical circuits, and so precludes any 
possibility of electrolytic alteration of sample composi- 
tion and of contamination by diffusion effects or metallic 
solubilities. 

In terms of dielectric constant as applied to the 
_ measurement of non-aqueous substances, the sensitivity 

and reproducibility of the Sargent Chemical Oscillometer 
averages about 1/300 (one three-hundredth) of a dielectric 
constant unit, when using full range cells. Stated other- 


SARGENT 


CHEMICAL 


OSCILLOMETER 


wise, the range of dielectric measurement from air 1 
water corresponds with a scale range in the oscillomete 
of roughly twenty-four thousand units, reproduceab 
within approximately one such scale unit, insofar 
instrumental characteristics are concerned. 

In application to electrolytes, as in titrations norma 
considered conductimetric or potentiometric, the sensi 
tivity of end point indication is best in the lower rang 
of common conductivities but is excellent in reactions 0 
strong acids and bases as well, provided the reactio 
medium can be held to a maximum concentration in th 
order of magnitude of 1/100 normal. 

The detection of water in non-aqueous media is e& 
tremely sharp and indicates direct procedures in man 
instances. 

Total working scale range is thirty-two thousand sca 
units, applied by a multiple-turn dial and additive rang 
switches. Internal range checking standards are incorpo 
rated. The frequency is five megacycles. 

Estimated inherent instrumental precision, 1/10%. 

Small and large cells are supplied, one for samples from 
5 to 12 ml and the other for titrations. The titration ce 
accommodates a glass stirrer operating continuously with 
Out prejudice to the accuracy of measurements. 
$-29180 SARGENT CHEMICAL OSCILLOMETEI 
with two interchangeable cell holders and cells. Availab 
for prompt 


100th 


E. H. SARGENT & CO. 
1852-1952 


SCIENTIFIC LABORATORY INSTRUMENTS + APPARATUS - CHEMIC 
E. H. SARGENT & COMPANY, 4647 W. FOSTER AVE., CHICAGO 30, ILLIN 
MICHIGAN DIVISION, 1959 EAST JEFFERSON STREET, DETROIT 7, MICHI 
SOUTHWESTERN DIVISION, 5915 PEELER STREET, DALLAS 9, TE 
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High-efficiency rotating 
plunger pumping mech- 


This small Vacuum Pump % RIGHT for your work! 


Find out today why Kinney High Vacuum Pump MODEL CVM 3153 
is so widely used for laboratory projects, for full scale production 
installations, and for on-the-spot service and repair work. Send coupon for 
complete details. Kinney Manufacturing Co., Boston 30, Mass. : 
Representatives in New York, Chicago, Philadelphia, Cleveland, Houston, 
New Orleans, Los Angeles, San Francisco, Seattle, and foreign countries, 


KINNEY MANUFACTURING CO., 3605 Washington St., Boston 30, Mass. 
[J Please send Bulletin SV-51 describing Kinney Vacuum Pump Model CVM 3153. 
[J Who is the Kinney Distributor in my region? 


Name 


| 
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| 


Street 
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Uniform Purity 


Wide Selection 


Prompt Service 


specifying REAGENTS 
cury 
“Setting the pace in chemical purity since to choose from. B&A offers over 1,000 purity § bing 
1882”—that is the slogan, and the reputation, products of Reagent, A.C.S., C.P., U.S.P, elim 
of Baker & Adamson. N.F. and Technical grades. And B&A’s own 
That’s because B&A Reagents are always well-stocked distributing stations, located in greal 
uniform. Their purity is predetermined. They key industrial centers, are ready to supply § ing ; 
always meet or exceed established A.C.S. your needs promptly and efficiently. com 
specifications—the strict, impartial purity re- Just tell the nearest B&A office what your 
quirements set by the chemical profession regular reagent requirements are; they will 
itself for careful analytical work. be glad to build stocks to meet your par A 
But you get more than this with B&A! ticular needs. the 
You have a wide and excellent selection ruby 


BAkER & ADAMSON 


GENERAL CHEMICAL DIVISION 
ALLIED CHEMICAL & DYE CORPORATION 
-———————40 RECTOR STREET, NEW YORK 6, N. Y.°3°3°3-3--"- 
Offices: Albany Atlanta e Baltimore* Birmingham* e« Boston Bridgeport* Buffalo* Charlotte’ 
Chicago* Cleveland* Denver* Detroit* Houston* Jacksonville e Los Angeles* « Minneapolis 


New York* Philadelphia* « Pittsburgh* Providence* « St. Louis* San Francisco* Seattle Yakima (Wash.) 
In Wisconsin: General Chemical Company, Inc., Milwaukee, Wis. 


In Canada: The Nichols Chemical Company, Limited « Montreal* « Toronto* « Vancouver* 
SETTING THE IN CHEMICAL SINCE 18 82 


*Complete stocks are carried here. 
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1959 


Eliminates NERVE-RACKING Titration 


without the use of Mercury! 


NEW SYNTHETIC. RUBY PLUNGER 


without the use of mer- 
cury, the newly developed Gilmont Com- 
bination Micro Pipet-Buret not only 
eliminates nerve-racking titration, but Pia — 
greatly simplifies operation as well as fill- 
ing and cleaning. Titrating fluid does not 
come in contact with metal, only glass, ruby 
and teflon. 

Assuring a high degree of accuracy in 
the instrument is the synthetic sintered 
ruby plunger sealed in with a teflon gasket, 
both employed to resist all known chemicals 
at room temperature. 


HOW THE MICRO PIPET-BURET WORKS* 

A precision ground synthetic ruby plunger, having 
required diameter so that the dial micrometer gauge 
reads directly in volume units, displaces the titrating 
fluid from the reservoir sealed off by a teflon gasket, 
contained in an aluminum bushing. The displaced 
titrating liquid is forced through a fine orifice im- 
mersed in the solution being analyzed, which may be 
stirred by-a fine stream of air bubbles. 

*Gilmont, R. Anal. Chem. 20, 1109 (1948) 


PRICE LIST 

G 15395 A Micro Pipet-Buret, Gilmont, Capacity 1 mi. in .001 mi. divisions. ................0a. $49.50 
G@ 15395 B Micro Pipet-Buret, Gilmont, Capacity 0.1 mi. in .0001 mi. divisions ...........0a. $49.50 
© 15395 C Micro Pipet-Buret, Gilmont, Combination for 1 mi. and 0.1 mi. Capacities. ea. $64.50 
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A COMPLETELY NEW INSTRUMENT—An ADVANCE 
in DIRECT READING ANALYTICAL BALANCES 


Now, for the first time . . . the SPEED of the fastest 
projection balance combined with ACCURACY 
exceeding the standards required of the finest 
analytical balances. 


VOLAND 


UNIVERSAL 
BALANCE 


engine 
design 
Actually TWO Balances in ONE high-s 
* A high speed projection balance with BS Fe 
superior stability reading to 0.1 milligram. plant, 
* Analytical balance readings to 0.01 milli- proces 
gram by means of a simple sensitivity shift, unusu 
exceeding the standards of the finest analyti- 
cal balances available. stage 
of 41 
The only analytical balance in which dual sensitivity is provided, speed 
_ producing a sensitivity 10 times that found in conventional projection secon: 
balances. Weighs in seconds... weighings to the fourth decimal 
place obtained literally in seconds by straight projection, or to the 7 Important Design Advances micro 
fifth decimal place by sensitivity shift, and an additional decade of 1 mic 
weights. 1. Built-in sensitivity shift mechanism for 
routine or highest precision weighings. _— 
All weights up to 200 grams are built into the balance and are ob- 2. New secondary device for obtaining the highh 


tained by manipulating five selector knobs. Speed is gained by pro- 


lower range of weights at the itivi i 
jection reading, eliminating need for weights in lower ranges. i 4 ne bl 


of 0.01 milligrams. 


respo 
Spacious cabinet allows samples to be placed easily and removed. 3. A-vibration-free projection system with the e1 
Weights can be readily lifted out of their supporting members for unusual zero stability. 

recalibration or cleaning. 4. A new high-strength beam with in- Its sr 
A d dard of speed d dividually adjustable knife mounts. vacut 

new and superior standard o , accuracy and convenience. . . 

Fully meets all the technological requirements of modern laboratory 5. only fully compensating stirrups of Hype 
usage. erican manufacture. diffus 


6. New front door, eliminating sash 
weights. 


7. Design of hanger permitting maximum 
space for handling samples. 


Order now for September Delivery 


Cat. No. 14130........ - -$89§.00 


STANDARD SCIENTIFIC SUPPLY CORP. |} 8% 
34 West 4th Street New York 12, N. Y. [| bows 
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VACUUM 
PUMP 


Here’s a precision 
engineered pump specifically 
designed for use wherever 
high-speed, high-vacuum 

isa requirement .. . in 

plant, laboratory or research 
process. The new Hypervac-4 is an 
unusually quiet and compact two- 


stage unit with a free air displacement 
of 41 liters per minute and a pumping 
speed at 1 micron of 0.35 liters per 
second. It attains an ultimate vacuum of 0.1 
micron. The ratio of pumping speed at 

1 micron to pumping speed at atmospheric 
pressure approaches 51%. Embodied in this 
highly efficient pump are many of the 
important features which have been 
responsible for the widespread acceptance of 


the entire family of Hypervac vacuum pumps. 
Its small size, high capacity, low ultimate 


vacuum and quiet operation make the 
Hypervac-4 ideal for use with oil 
diffusion pumps. 
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CENTRAL SCIENTIFIC COMPANY 
CHICAGO 13, 
DETROIT 
SANTA CLARA LOS ANGELES TORONTO MONTREAL VANCOUVER OTTAWA 
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| ASK FOR OUR 
LATEST 
CIRCULAR 


ILLINOIS 
SAN FRANCISCO 


CENTRAL SCIENTIFIC COMPANY 
1708 Irving Park Road, Chicago 13, Illinois 


Please send me your circular No. 1209 containing 
full details about the new Cenco Hypervac-4 
Pump. 


Name. Dept. 
Cc r 

Street 

City State. 
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Kimble makes glass serve 


ADERSHIP is our heritagq 


ReresTeD EXAX GLASSWARE is 
another illustration of the leader- 
ship in chosen fields that is Kimble’s 
heritage. 

It is precision made. Tested and 
for accuracy. Streamlined 


KIMBLE GLASS TOLEDO 1, OHIO K 


and durable. Retested Exax glass- 
ware gives long, honest service to 
science, industry and education. 
Leadership in the quality and 
quantity of the products it makes is 
the heritage that Kimble craftsmen 


Division of Owens-Illinois Glass Company 
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x “Few standard texts 
discuss the pH meter and 
almost none give detailed 
experimental procedures.”— 


Journal Chemical Education 
Vol. 28, Page 252. 


* A recent survey reveals. 
that more Beckman pH meters 
are used by educational and 
industrial laboratories than 
all other makes combined. To 
help you reduce time-con- 
suming classical procedures to 
a minimum-—yet thoroughly 
train your students for work- 
ing with Beckman pH equip- 
ment in their post-graduate 
careers—a helpful outline is 

offered for guiding student 
courses. 


TEACHING 
‘Precise pH Measurement 


Here Are Reasons Why educational 
laboratory directors prefer Beckman pH Meters 
and Electrodes... 


® RUGGED — Repeated handling by students calls 
ae for sturdy construction—and you get it in all 
Beckman pH equipment! 

4 ®PRECISE—With Beckman pH equipment accu- 
4 racies from 0.1 to 0.03 pH are obtainable in most 
ranges! 

®@VERSATILE—The great variety of Beckman 
x Special Purpose Glass Electrodes insures meas- 
2 urements from 20° below zero (C.) to 130°C. 


They are factory sealed, maintenance-free and 
virtually unbreakable! 


It gives detailed proce- 
dures for standardiza- 
tion, measurement of 
PH, titration curve of 
Phosphoric acid, stand- 
ardization of base, 
and analysis of mixed 
phosphate solutions. 


For free copies of this help- 
ful material, ask for 
Data File 4-36 


THE NEW BECKMAN MODEL N is completely self-con- 
tained. Operating from its own built-in, long-life power 
supply, the Model N is ideal for portability—can be used 
_ anywhere... field trip, laboratory or classroom. No A.C. 
power circuits needed. The Model N costs less than 2 cents 
an hour to opercite and has fast warmup time of less than 
10 seconds. Stores easily in laboratory shelving when 
not in class use. Further details included with Data File 


SS Serve montianed 
THE BECKMAN MODEL H-2 is line-operated (110-v A.C.). 
1 a) Its compact case saves valuable teaching space and permits 
easy portability when clearing benches for new lessons. 
: You obtain instant and direct pH readings with a simple 
built-in dial plus temperature compensation over the entire 
'e are al range from 0° to 100°C. (32° to 212°F.). You read with 
proble en high accuracy by using widespread dual-range scale—from 


0 to 8 pH or from 6 to 14 pH—at the turn of a switch. 
Further details included with Data File mentioned above. 
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Factory Service Branches: Cnicage, New York, Los Angeles 
inst Beckman Instruments include: pH Meters and Electrodes—Spec- 
trophotometers — Radioactivity Meters — Special Instruments 
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Standard 
or Special 


Acid-Proof Pipe 


Above are a few of many 
types of acid-proof pipe fit- 
tings regularly being made 
by Maurice Knight. Knight- 
Ware Acid-Proof Pipe with 
bell and spigot and flange 
type connections is made in 
standard and in special 
designs to meet unusual 
needs and installation condi- 
tions. Bore sizes range from 
one to 60”. 


Permanite Armored 
Knight-Ware Pipe is avail- 
able where the pipe may be 
subjected to shock or physi- 
cal damage. 

Knight-Ware Acid-Proof 
Pipe is used in iaboratories, 
commercial buildings and 
industrial plants. Since its 
entire body is acid-proof, not 
just the glaze alone, it is the 
ideal equipment for carry- 
ing corrosive liquids or gases. 

Write for Bulletin 12-Y 


MAURICE A. KNIGHT 


206 Kelly Ave. 
Akron 9, Ohio 


war 


EQUIPMENT 


with new DEEMINAC 


= AMAZING NEW deionizing device has countless applications in 
practically every field. It can be conveniently used wherever deion. 
ized water is indicated. 

Deeminac removes all ionizable impurities, as well as sulphate! 
chloride, bicarbonate and silicate. Deeminac water has the same ionic 
purity as that produced by triple distillation. 

Deeminac is simple to use. Fill the bottle with tap water, plug in t 
filter and it’s set to go. Just squeeze the durable polyethylene bottle and 
out comes a stream of chemically pure water. 

Deeminac’s economical too—both to buy and to operate. The smalles 
filter will purify up to 20 gallons of ordinary water. 

For more details, write E. MACHLETT & SON today. 


DEEMINAC comes in three handy sizes—6 oz. bottle with 2 
filter, 8 oz. bottle with 3 oz. filter and 16 oz. bottle with 4 oz. 


30-861 Deeminac Complete 30-862 Filters, Boxes of 2 
6 0z.—2 oz. $1.75 Qoz. $2.50 per box 
8oz.—3 oz. 2.25 Sec. * 

160z.—4 02. 3.00 4.50" “ 


ALL PRICES F.O.B. N. Y., N. Y. 
DEEMINAC?® Trademark Pat. App. For 


simplify complex heating problems 
with electrothermal Heating Tape | 


ELECTROTHERMAL HEATING TAPE is t 
answer to a myriad of heating problems in t 
laboratory and production plant. Its flexible 
elastic qualities enable even heating of any objet 
regardless of shape. Just wrap the tape around t 
object to be heated and turn on the “juice.” 
suitable control device such as a variable autotra 
former, rheostat or other energy regulator may } 
used for power. 


Three types of #42-519 Heating Tape are available. Uninsu 
transp y allows viewing su e being heated. Insu 
One Side—ctnfines heat thereby minimizing loss. Insulated 
Both Sides—for use on metal of other conducting surfaces. 


Max. Ins. Ins, 
Size Amps. Uninsulated OneSide Both Side 
36”x1” 0.8 $ 9.65 $11.40 $14.70 
48” x22” 1.5 12.25 14.90 18.75 
"x3" 2.3 16.65 20.15 26.45 
72” x32” 2.6 19.25 22.95 29.40 


All prices F.O.B. N. Y., N.Y. 
For more detailed information, write for circular 
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NEW 3rd EDITION 
ORGANIC CHEMISTRY 


By E. WERTHEIM, Ph.D. 


University of Arkansas 


IMPROVED FOR GREATER TEACHASBILITY 


Highly adaptable, this famous text is suitable for premedical, chemical engineering, dental, and nutri- 


tion students and is standard for chemistry majors. 


FEATURES IMPORTANT NEW MATERIAL 


ations in Many recent advances of value in a first year text are tion, Reformatsky reaction and chloromethylation. 

deion. incorporated. New processes discussed include the 
Fischer-Tropsch process, Telomerization, the German Treatment of the electronic theory is enlarged. It in- 

ulphate, prussic acid process, continuous soap making and cold cludes new material on bond energies, bond distances, 

ne ionic rubber. New compounds include invert soap, 2,4-D, inductive effort, electronegativity, and the electronic 
osotriazoles, filterable viruses, antibiotics and antihist- mechanism of reactions. Other specialized electronic 

4 In th amines. New reactions include the Clemmensen reac- matter is grouped in a newly added chapter. 

and 

smalle TESTED FOR SIMPLIFIED TEACHING 


All material is soundly organized for effective teaching. 
Basic fundamentals are presented on the student level 
for easy comprehension. Descriptions of physical 
properties are given for a whole series rather than for 
individual compounds. Their physical constants are 
presented in tabular form and furnish ample data for 
the plotting of graphs. 


Syntheses, reactions and uses are grouped for conven- 
ience of study. Numerous cross references emphasize 
important relationships between compounds and reac- 
tions. Equations are repeated in different forms or 
with new implications for thorough understanding. 
Additional new problems and tested questions for 
teaching and review are included in each chapter. 


VALUABLE REFERENCE DATA 


Numerous reference lists and several reference chapters 
are included. A valuable appendix lists atomic weights; 
selected reference texts, manuals and specialized topics; 
a glossary; a table of significant developments in 
organic chemistry; derivations of compounds; organic 
radicals; and the constants of over 700 organic com- 


105 Illustrations @ 958 Pages 


pounds. Literature references conclude each chapter 
and are confined to books and journals usually found in 
most schools. The comprehensive index includes refer- 
ences to footnotes, methods, tables and charts to make 
material easy to find. 


e Sturdy Cloth Binding $5.00 


ORDER YOUR COPY NOW e MAIL COUPON TODAY 


THE BLAKISTON COMPANY 


1012 Walnut Street 
Philadelphia 5, Pa. 


105 Bond Street 
Toronto 2, Canada. 


Please send me a'copy of Wertheim’s “Textbook of Organic Chemistry” at $5.00. It is under- 
stood you will credit my account in fullif ordered for personal use and returned within 10 days. 


0 90-Day Teacher Examination. ( Personal Use. 


The Blakiston 
Company 


1012 Walnut Street | 
Philadelphia 5, Pa. : State 
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Chemicals 


C & B Reagent Chemicals are manufactured to meet 
definite standards of purity ... standards which have 
been set up to insure products suitable for research 
and analytical use. These standards are based upon 
the publications of the Committee on Analytical 


Reagents of the American Chemical Society and 


our own experience of over thirty years in the manu- 


facture of fine chemicals. 


Sodit Hydroxide,A.C5 


Maximum Impurities and 


C & B Products are Distributed by Laboratory and Physician 
Supply Houses throughout the World. 


tician, 
Coleman & Bell Co, USA 


FOR SCIENTIFIC, LABORATORY 
MANUPACTURING USE as 


Write for Copy of our Catalog 


THE COLEMAN & BELL CO., Inc. 
Manufacturing Chemists: NORWOOD, OHIO, U.S.A. 


REAGENT CHEMICALS - BIOLOGICAL STAINS 
INDICATORS — SOLUTIONS — TEST PAPERS 
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INTRODUCTION TO STATISTICAL ANALYSIS 


By W. J. Drxon and Frank J. Massey Jr., University of Oregon. 369 pages, $4.50 


A practical, experimental approach to fundamental notions, this new book provides a first course in 
statistics requiring only a minimum of mathematics. Material covered does not involve terminology 
related to a particular field; examples are given from many fields including chemistry. Both 
classical and modern techniques are covered with emphasis on the understanding and use of the 
technique. 


UNIT PROCESSES IN ORGANIC SYNTHESIS. New 4th Edition 


By P. H. Grocetns, Chemical Engineer, United States Department of Agriculture. Chemical 
Engineering Series. 937 pages, $12.50 


Presents the industrial technique in converting organic raw materials into usable products through 
the mastery of unit processes. The underlying principles and factors for each unit process are or- 
ganized in a systematic manner with most emphasis upon fundamentals. 


MISCELLANEOUS PHYSICAL AND CHEMICAL 
TECHNIQUES OF THE LOS ALAMOS PROJECT 


Edited by Arvin C. Graves and Darox K. Froman, Los Alamos Scientific Laboratory. Na- 
tional Nuclear Energy Series. Division V. Volume3. 336 pages, $4.00 


The material in this volume covers a variety of miscellaneous physical and chemical laboratory tech- 
niques used during the early phases of atomic energy research, which will serve as useful documen- 
tation for experimental research in a ‘new field. The volume also contains a number of descriptions 
of apparatus and techniques, with many detailed illustrations and drawings, which are still appli- 
cable to present-day laboratory operations. 


A SOURCE BOOK IN CHEMISTRY (1400-1900) . 


By Henry M. Letcesrer, College of the Physicians and Surgeons of San Francisco, and 
Hersert S. Kickster, University of Pennsylvania. Source Books in the History of the 
Sciences. 554 pages, $7.50 


An exceptional volume, containing selections from 82 classic papers in the history of chemistry, each 
with a brief introduction explaining the significance of the contribution and relating it to the other 
selections. A short introduction indicates the earlier ideas which led up to the first selection in- 
cluded. 


QUANTITATIVE CHEMICAL ANALYSIS 


By W. Foutk, Harvey V. Moyer, and M. MacNevin, The Ohio State 
University. 484 pages, $5.00. 


General theory and analytical procedures are separated in this text in order to present fundamental 
principles without confusing them with the details of specific determinations. It is designed to de- 
velop in the student an understanding of the science of chemical measurement rather than simply the 
ability to analyze a few materials. 


Send for copies on approval 


McGRAW-HILL BOOK COMPANY, INC. 


330 WEST 42nnd STREET, NEW YORK 18, N. Y. 
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INCKRODT CHEMICAL WORKS 


4U 
MONTREAL PHILADELPHIA 


The Mallinckrodt AR®* label provides unmustakabte legibility and gives com- 
plete information: On side panels are the Maximum Limits of Impurities, molec- 
ular weight, chemical formula, caution statement, and the Mallinckrodt control 
symbol. But the most important element on the label is the name Mallinckrodt, 
for 85 years a symbol of fine chemicals. 


Maximum limits of impurities mean published, pre-determined standards— 
the analytical chemist’s guarantee of reagent quality. They are standards which 
cannot be changed to accommodate variations in quality of production. They 
insure that Mallinckrodt AR’s contain negligible quantities of impurities—unvary- 
ing from package to package and lot to lot. 


Mallinckrodt distributors, more than sixty-five of them, in every part of the 
country can make prompt delivery of your order from complete stocks. And 
standing behind them are extensive Mallinckrodt facilities for service and pro- 


/ duction, keeping them constantly stocked to supply your needs. 


Marine att 


MALLINCKRODT CHEMICAL WORKS 
Mallinckrodt St., St. Louis 7, Mo. + 72 Gold St., New York 8, N.Y. 


Chicago * Cincinnati + Cleveland + LosAngeles * Montreal * Philadelphia + San Francisco 
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STEEL 


SIGNED FOR METALLURGICAL, CLINICAL, AND CHEMICAL LABS 


% Completely air-tight 
and moisture-proof! 


Warp-proof door 


Here’s the answer to your need for a desic- 
cating cabinet that is durable, air-tight and 
moisture-proof, and adaptable to many 
applications. Built for convenient use, this 
attractive cabinet will serve well in the met- 
allurgical, chemical, or clinical laboratory. 


It incorporates many useful features: 


1. Specially designed warp-proof, air-tight door which is gasketed 


with a pure gum rubber seal. 


2. Needle valve to relieve pressure. 


3. Large capacity. 


4. 18-8 stainless steel throughout. 


5. %6”’ glass windows which are tightly cemented to the frame. 


6. Adjustable asbestos shelves. 


This cabinet may be used for cooling ignition 
samples, or for storing metallurgical samples, 
and it is also ideal for storing dissecting in- 
struments and other types of surgical instru- 
ments. The shelving consists of two asbestos 
shelves, 8” x 934’, each with twelve 74” holes, 
and one removable stainless steel tray, 
8” x 9” x 5%”, to hold approximately one 
pound of desiccant. Also included are three 


sets of removable shelf brackets with runners 
adjustable every 14’’. Pressed feet on the bot- 
tom of the cabinet and corresponding indenta- 
tions on top facilitate stacking and storing so 
that several of these cabinets may be kept in a 
relatively small space. Inside measurements 
are: height, 12”; width, 1144”; depth, 10’. 
Outside measurements are: height, 12%4”’; 
width, 1214”; depth, 1214”. 


H-18877—Stainless Steel Desiccating Cabinet. Each $67.50 


SCIENTIFIC f 


BEN OF THE HARSHAW CHEMICAL CO. 
CLEVELAND 6, OHIO 


Quantity prices on request. Price subject to change without notice. 
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PRECISE 

CONVENIENT 

DEPENDABLE 
ECONOMICAL 


Upper: COMPAX 


Lower: AUTOTRATOR 
connected to a 
No. 18 pH Meter. 


H... are two new instruments which will improve the quality, will perform any titration in which the end point can be rep 
increase the speed, and reduce the cost of your laboratory opera- sented by the appearance of a specific potential across a suital 
tions. pair of electrodes immersed in the test solution. 


COMPAX: This new portable pH meter is convenient to use, 
easy to handle, simple to operate. There are no meters to read, Write for descriptive brochures! 
no pointers to set—no multiple controls. One knob does the 
entire job! Just place the sample, flash the light with the single 
dial, and read the correct answer. It’s sensitive to 0.01 pH, read- 
able to 0.02 pH and correct to 0.05 pH. Built-in stability insures 
consistent performance. No. 19689B 


AUTOTRATOR: Operating with the Coleman Model 18 pH 
Electrometer as a “laboratory team,” this automatic titrator No. 11749 Model 18 A.C. pH Electrometer only, comp 
employs the high precision and stability pf that instrument in with connecting cables for 115 volt, 50-60 
controlling the flow of titrant. With quickness and accuracy, it re 


SCIENTIFIC GLASS co. tne. 


_ LABORATORY APPARATUS - INSTRUMENTS - CHEMICALS - GLASSWARE 


No. 11700 Model 20 COMPAX pH Electrometer, comp 


Model 19 Autotrator only, complete with 
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CONVENIENT OIL RESERVOIR 
Not necessary to take pump 
apart to quickly and conven- 
iently clean and change oil 


FREE AIR CAPACITY 
33.4 liters of free air per minute 


LARGE OIL VOLUME 
Protects mechanism from Cor- 
rosion and Clogging 


EFFICIENT CONTINUED OP- 
ERATION over long periods 


GUARANTEED VACUUM  .02 


This pump is expressly designed for vacuum distillation in the 
organic laboratory. Its large capacity of 33.4 liters of free air per 
minute materially increases the speed of distillations and the 
simplicity of its construction insures long life and continuous 
operation. One of the features of this pump that will appeal to 
the chemist is the provision for cleaning and changing the oil 
without taking the pump apart. All that is necessary is to re- 
move the thumb screws which hold the top plate and if the 
oil has not become too thick with the impurities from distillation 
processes, the oil in the reservoir may be drained out or it may be 
poured out by tipping the pump. The flushing oil of low specific 
gravity and low vapor pressure may then be introduced by 
placing a rubber tube from the inlet on the top of the pump to 
the oil container and by turning the pump by hand the oil will be 
drawn through the pump and this may be removed in the same 
manner as the old oil. The new oil may then be run into the 
pump and the pump is again ready to operate. The whole opera- 
tion requires only a few minutes. 

The large volume of oil which is provided in this pump dilutes 
the vapors which are a product of the distillation and protects the 
mechanism of the pump from corrosion and clogging. This pump 
has been found to be particularly efficient in distillations requiring 
exceptionally long continuous operation. The movement itself is 
the same movement that has been used in almost every large 


No. 1404H Patent No. 2337849 


university in the country and has proven highly efficient. Ove 
forty of these pumps are in operation at the University of Illinoi 
alone. The addition of the large oil reservoir and the greate 
volume of free air capacity has increased the value and utilil 
of the pump for vacuum distillation purposes. One of the: 
pumps has been utilized in production requiring daily operatis 
for a period of five years, continuing to provide a rapid vacu 

of less than .02 mm. on the large capacity vacuum system ab 
has never required dis-mantling, or the replacement of any parti 


1404. PUMP ONLY. Not mounted on base. Complete wi 
grooved pulley for special “V’’ belt, supply of oil ani 
directions for use but without belt. Each, $70. 


1404F. PUMP, Motor-Driven. Mounted on cast iron bas 
with 144 H.P. motor, V belt, belt tightening device, co 
necting cord and switch. For 110 volts D.C. 


Each, $135. 

1404H. PUMP, Motor-Driven. Same as No. 1404F but fo 
110 volts A.C. 60 cycles. Each, $103.09 

14041. PUMP, Motor-Driven. Same as No. 1404F but f 

220 volts A.C. 60 cycles. Each, $103: 


Correct tubing for connections No. 5518B, 7/16 ind 
bore, 5/16 inch wall. 


Belt guard for 1404 series pumps, Each $15.00 
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Some time ago I marked a quotation for reproduction on this page but not until 
now has there been an opportunity to use it. It is a section from an address by 
Dr. C. A. Kraus,' whose friends and associates know him as an unorthodox thinker, 
whose observations on science education, particularly, are almost always provoca- 
tive. In the address from which this is taken, the title of which was “Some Prob- 
lems at Higher Educational Levels,” he discussed what he believed to be the de- 
fects in present-day college instruction. . 


The statement is frequently made that this is the age of specialization, particularly in the sci- 
ences. Nothing could be farther from the truth; its common acceptance by otherwise well in- 
formed persons shows how little the problems of modern education are understood. In the sci- 
ences, this is the age of generalization and integration. Matter is subject to the same laws, 
whether animate or inanimate, whether in the remote galaxies or in the nuclei of atoms. More and 
more we find that the great advances of science are being made in border fields. Modern medicine, 
for example, draws on physics, chemistry, biology, psychology and mathematics. While any 
given investigation is of necessity a specialized undertaking, it is planned, carried out and inter- 
preted in the light of the knowledge of the whole of science. The detailed study of special fields 
in the sciences cannot be carried out advantageously on the basis of a four-year college course; it is 
first necessary to provide a broad foundation in allied subjects. Thus in chemistry, in addition to 
sound training in certain advanced topics in mathematics, the student requires courses of an ad- 
vanced nature in physics and, at times, in biology. In order to study the more advanced sub- 
jects in chemistry, as well as in allied sciences, it is necessary for the student to be grounded in 
the underlying elements of these subjects, as well as in mathematics. If a student in the sciences 
is to be prepared to proceed successfully to the study of the more advanced phases of any science, 
he must begin to lay the necessary foundation at the earliest possible moment. 

If this is done, the student can find time for cultural courses in the last two years of college, 
rather than in the first two years. This has the further advantage that in the last two years, he is 
more mature and better qualified to appreciate subjects lying outside his field of primary interest. 
Breadth of training and breadth of view are indispensable to the educated man, but this implies 
breadth not only in fields without those in which he is primarily interested but also breadth with 
respect to his own and collateral fields. 


1 Founders Day Address, Clark University, Worcester, Massachusetts, February 8, 1949. 
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T nus paper is a survey of the various ways in which 
the properties of aqueous metal ions are affected by 
complex formation, with special reference to the for- 
mation of chelate compounds. The topics selected 
for discussion are solubility, electrical conductance, 
interaction with hydrogen ions, absorption spectra, 
and oxidation potential. These properties are funda- 
mental ones and offer an insight into the basis for many 
new and valuable applications of chelate compounds, 
which are pointed out in the course of the discussion. 
Many functions of coordination compounds, such as 
catalytic activity, are of a special nature. These are 
so varied and specialized that they defy classification 
into a few simple categories. Hence a discussion of 
these special properties is beyond the scope of this 
paper. Of particular interest to investigators in this 
field in recent years is the stability of metal complexes 
and chelates, as measured by the equilibrium constants 
of the formation reaction. Stabilities are mentioned 
* in connection with the various properties to be discussed 
but a detailed account of stability and the principles 
involved cannot be given here. 


GENERAL CONCEPTS 


In order to visualize how a metal ion in aqueous solu- 
tion may be changed by complex formation it is neces- 
sary to keep in mind that the aqueous metal ion is 
surrounded by a sheath of aqueous ions very much as 
in formula I. The coordination requirements of the 
metal ion are thus saturated by water molecules, the 
number of such donors being about six in the case of 
most metals, but it may vary considerably above and 
below this figure. Large, highly charged ions such as 
Zr*+*, Hf+*, and Mo*4 are known to have coordination 
numbers of 8. Many metals such as Cut+, Zn*++, and 
Mg**+ are considered to have coordination numbers 
of 4. Certain metals such as Hg+t* and Ag+ have 
coordination requirements of two in many of their 
complexes. In the case of the less basic metals the 
bond to the oxygen donor may have considerable 
covalent character, whereas with basic metals such as 
the alkali and alkaline earth metals the bonds are 
primarily of the ion-dipole type. When the covalent 
character is considerable the number of water mole- 
cules as well as their directional distributiorf is relatively 
fixed. For the more basic metal ions the reverse is 
true, and no definite structure or formula can be as- 
signed to the ion. In such cases an “average’’ hydra- 


1 Presented to the Western Connecticut Section of the Ameri- 
can Chemical Society, Stamford, Conn., October 16, 1951. 


e THE BEHAVIOR OF METAL COMPLEXES IN 
AQUEOUS SOLUTIONS' 


ARTHUR E. MARTELL 
Clark University, Worcester, Massachusetts 
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H,0 HO 


(1) Hexa aquo metal ion (II) Hydrolyzed metal ion 
(dihydroxide) 

tion number is often assigned and a dynamic equilib- 

rium involving a distribution of forms is assumed. 

The chemical reactions of the aquo ion may take 
place by changing the sheath of coordinated water 
molecules in some manner. One of the simplest reac- 
tions which takes place is hydrolysis, which merely 
involves the ionization of a proton. Formula IT shows 
a dihydroxide formed by the removal of two protons. 
When the charge is reduced to zero by such a reaction, 
the normal metal hydroxide is produced. These 
“hydrous oxides’’ are usually insoluble because of a 
polymeric structure formed by a network of hydrogen 
bonds which bind the coordination groups together.’ 

It is seen that the properties of aquo ions are deter- 
mined by the effect of the ion on the hydration sphere. 
These properties are altered by complex formation, 
which may be considered as the replacement of one 
or more water molecules by substitute donor groups. 
Binding of the metal with such donors may differ 
greatly from the bond type in the “water complex” 
and the properties of the metal ion are therefore altered. 
Further, the donors themselves may have special prop- 
erties, modified, of course, by the presence of the metal 
ion. 

A typical metal complex in which all the water mole- 
cules are replaced by another donor is illustrated by 
formula III. The cobalt ammines, in which A is NH; 
are examples of such complexes. When two or more 
A groups are tied together into a single molecule the 


compound is said to be a metal chelate compound J 


An example of this type of complex is illustrated by 
formula IV, in which the donor groups are tied together 
in groups of two. When chelating agents possess two, 
three, four, five, and six donor groups they are said 
to be bidentate, tridentate, quadridentate, quinqui 
dentate, and sexadentate, respectively. Thus a metal 
ion of coordination number 6 requires three bidentate 


2 A more stable linkage resulting in polymer formation is fre 
quently produced by the dehydration of hydroxide groups on dif- 
ferent metal atoms giving rise to oxide bridges. 
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(IV) Octahedral metal com- 


(IIL) Octahedral metal com- 
| plex with bidentate ligands 


plex 


donors, two tridentate donors, or one sexadentate 
donor. Provided that the bond types are similar and 
that the steric requirements can be met by the donors, 
chelate compounds are generally more stable than simple 
complexes, and the larger the number of rings the 
more stable the chelate. Thus the equilibrium in the 
reactions of the type 


M = M + 22 
x x 


lies far to the right, 7. e., the formation of the chelate 
is favored over that of the complex. 


SOLUBILITY 


Metal ions owe their aqueous solubility to the weaken- 
ing of interionic attractions by the protective sheath 
of coordinated water molecules and to the fact that 
these hydrophyllic groups allow the metal to fit into 
the solvent structure more easily than the corresponding 
salts. Replacement of these water molecules by other 
groups makes it possible to surround the ion by almost 
any desired environment, and thus to alter the solubil- 
ity at will. A simple example of this is illustrated by 
formulas V and VI. Reaction of the aquo ferric ion 
with 3 bidentate anions of 8-hydroxyquinoline (oxine) 
results in the chelate (V) which is neutral and presents 
a sheath of hydrophobic hydrocarbon groups to 


SO; Na + 
| 
| | 
O—Fe/3 O—Fe/3 


(V) Tris-oxino-Fe(III) (VI) Sodium tris-5-sulfooxino-Fe(II1) 


the surrounding aqueous medium. The resulting com- 
pound is therefore insoluble in water and precipitates, or 
may be extracted by organic solvents such as chloro- 
form. By substitution of certain groups it is possible 
to further modify the solubility of the complex. Thus 
the substitution of a sulfonic acid group on oxine re- 
sults in the formation of a water-soluble chelate il- 
lustrated by formula VI. There is little difference in 
the stabilities of the two chelate compounds, and the 
properties of the metal ion are about the same. The 
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solubility, however, is now controlled by the nature 
of the groups attached to the donor molecules. 


HN NH 
\ 
H,N—C 

HN Ni NH 
C—NH, 
\ 
HN NH 


(VII) Bis-guanylurea-Ni (11) 


=NH 


CH 
+ —NH, 
He 
0 
co 
(VIII) Trisglycino-Co (II) 
CH, 
co 
om] | 


(X) Ethylenediaminetetraacetate-Zn (II) ion 


= 
A A 
OH, 
(IX) Metal chelate of ammoniatriacetate ion 
| 
CHo 
£4 
af 
| 
2 
co 


Examples of stable water-soluble chelate compounds 
are illustrated by formulas VII-X. In these compounds 
the number of oxygens and other polar groups far out- 
weigh the effect of the hydrocarbon groups present. 
The result is high solubility in aqueous solution, and, 
in the case of IX and X, the complexes are highly 
chelated and hence highly stable. The corresponding 
organic complexing agents, ethylenediaminetetra- 
acetic acid in particular, are manufactured in large 
amounts at the present time as sequestering agents, 
tz. e., water-soluble metal ion deactivators. On these 
two properties, high stability and high solubility, de- 
pend their uses as detergent additives, clarification 
agents for liquid soaps and various aqueous prepara- 
tions, the inhibition of oxidation reactions catalyzed 
by metal ions, prevention of trace metal effects on 
dyes, and many other applications. 

An important use of the organic-soluble chelates is 
solvent extraction of metal ions for analytical or large- 
scale separations. The principles involved in such 
separations have been outlined by Calvin (1). Best 
results are apparently obtained when the metal chelate 
is soluble in the organic solvent and relatively insoluble 
in water, while the unchelated metal species present are 
insoluble in the organic solvent employed. These 
bidealized conditions may be expressed by the equilib- 
rium: 


M*"(w) + nHKe(o) = MKe,(o0) + nH*(w) 
The equilibrium constant for this reaction is: 


[M+*(w) | [HKe(o) |" “ \w/ [HKe(o) |" 


The two terms on the left of the quotient represent the 
distribution ratio of the metal between organic and 
water solutions, D(o/w). Since this is the quantity 
usually measured, equation (1) is best rearranged to 


give: 
- [HKe(o) |" 

Equation (2) indicates that the extraction of a partic- 
ular metal by the organic solvent will be improved by 
high concentration of the chelating agent in the or- 
ganic phase and opposed by high hydrogen ion con- 
centration in the aqueous phase. Hence, the extrac- 
tion of a metal from a mixture may be made selective 
by varying the pH of the aqueous solution, the strongly 
complexed metals (large value of K) being readily 
extracted at low pH, but the more weakly complexed 
metals are extractable only at higher pH. Acetylace- 
tone, a very well-known complexing agent which forms 
stable non-ionic complexes with most metals, has the 
disadvantage as a solvent extraction agent of too high 
aqueous solubility of both the complexing agent and 
the metal complexes. Calvin and co-workers have 
developed a complexing agent thenoyltrifluoroacetone 
(TTA) which forms chelates of high organic solubility 
without sacrificing too much in stability of the chelate. 
This compound has been widely used in recent years 
for metal separations by solvent extraction. Typical 
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chelates of acetylacetone and TTA are illustrate 
schematically by formulas XI and XII. 


(XI) Metal chelate of 
acetylacetone 


(XII) Metal chelate of TTA 


When intermediate (stepwise) complexes are formed, 
or when the metal ion is in equilibrium with other specie 
such as hydrolytic and polymeric forms, in aqueow 
solutions, the idealized equations given above for sol- 
vent extraction equilibria are greatly complicated, 
For solvent systems involving hydrolysis (2) and poly. 
meric forms (3) the reader is referred to the recent work 
of Connick and co-workers, while relationships fo 
solvent extraction involving intermediate complexe 
have been given by Irving and Williams (4). 


ELECTRICAL CONDUCTANCE 


The disappearance or formation of ions in solution, 
a phenomenon closely related to complex formation, 
may be followed easily by observing changes in ele. 
trical conductance of the solution. Although this 
method was used as a powerful tool in the investigation 
of the nature of complex salts by Werner (4), the effect 
of the formation of coordination compounds on con 
ductance has not been studied to the extent that one 
would expect. 

Probably the first observation of the special proper 
ties of chelate compounds was reported by Ley (6), 
who based his conclusions on the change in electrical 
conductance of the solution. Because of the ver 
low electrical conductance observed, he proposed that 
bisglycino copper (FI) involved the formation of tw 
5-membered rings with the glycinate ion: 


—NH,—CH, 

| 
0——CO 
(XIII) Bisglyeino-Cu (II) 


In a later paper (7) he made interesting comparison 
between the electrical conductances of cupric acetate 
and various amino acid chelates involving rings @ 
varying size. Some of his results are listed in Table | 


TABLE 1 
Molar Conductances of Cupric Chelates 
Cu(Ac), + Cu(Ac), + Cu(Ac)2 + 
glycine B-alanine “y-aminobu- 
tyric acd 


Dilution Cu(Ac)s 
A A 
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The A values listed indicate the increase in electri- 
eal conductance over that of the cupric acetate. The 
large decrease with glycine indicated a disappearance 
of ions to form the uncharged complex. It is apparent 
that less interaction occurs with the 6- and y-amino 
acids, indicating that complex formation is weaker 
when 6- and 7-membered rings are formed. 

An example of the way in which chelate formation 
may affect conductance in aqueous solution is the titra- 
tion of ethylenediaminetetraacetic acid with a strong 
base (NaOH), the metal ion of which is not appreci- 
ably complexed, and with a strong base, (Ca(OH)s), 
the metal ion of which is strongly complexed (8). 
Thus curve A of Figure 1 is the effect on conductance 
of titration with sodium hydroxide solution. The 
curve is similar to the conductance titration of a strong 
acid with a strong base. The minimum is obtained at 
the disodium salt since two of the carboxyl groups of 
EDTA are strongly acidic and two are weakly so. 
The variation of conductance is mainly a function of 
the variation of hydrogen and hydroxy] ion concentra- 
tion and is therefore at a minimum when the nearly 
neutral disodium salt is formed. 

Curve B for calcium hydroxide is at first similar to 
the sodium hydroxide curve since no appreciable 
complex formation takes place in acid solution. From 
the monocalcium salt on, however, further addition 
of base results in very little change in conductance 
until an additional mol of calcium hydroxide has been 
added. The curve may be interpreted as the result 
of a preliminary neutralization reaction, which causes 
a decrease in conductance, followed by a second step 
involving complex formation as follows: 


-ooccn, H ¢H,coo- 

Z+ + 

-O0CCH, CH.COO- 


Ca++, 20H~ + 


+ 2H,0 


co 


(XIV) Calcium chelate of ethylenediamine- 
tetraacetate ion 


The chemical equations show that the second step 
merely involves the replacement of one large bivalent 
ion with another of practically the same size. Further 
addition of base results in the expected increase in 
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4 4 


0 1 2 3 4 
Equivalents of Base per Mol of EDTA (0.050 G. EDTA in 300 Ml. H:O) 
Figure 1. Conductance Titration of Ethyl di 
Acid (EDTA) with (A) 0.010 M Sodium Hydroxide and (B) 0.010 N Cal- 
cium Hydroxide 


tot 


conductance. Thus, the conductance remains prac- 
tically constant during the above reaction. The 
experimental evidence not only indicates complex 
formation by demonstrating the disappearance of ions, 
but also shows that one mol of calcium ion combines 
with one mol of the complexing anion. 

An example of increased conductance resulting from 
complex formation is the interaction of the chelates 
of boric acid with 1,2,-dihydroxy compounds: 


R 
CH—O o—tn 
2| + B(OH); | | + 3H.0 + Ht 
CH—OH 
Lh 


The liberation of the highly mobile hydrogen ion re- 
sults in a large increase of conductance. This effect 
has been used by Boeseken and co-workers, and others, 
to investigate the structure of sugars (9) and of diols 
(10, 11, 12, 18, 14, 15, 16, 17, 18). 


pH EFFECT 


Since all metals which form coordination compounds 
behave as Lewis acids in this respect, they do so in 
competition with hydrogen ions. In this sense the 
formation of a complex may be considered a neutrali- 
zation reaction since the complexing agent is necessarily 
a Lewis base. In all but the most alkaline solutions 
formation of a complex may be considered to involve 
the displacement of a proton from the complexing agent, 
as in the following reaction of the cupric ion with 
glycine: 

Co——O 
Cu*+ + = | 
CH,—NH;, 


NH,.—CH;, 
Cu + 2H* 
O——CO 
Qualitatively, therefore, complex formation results 


in a drop of pH of the solution, and this effect consti- 
tutes a simple method for detecting the formation of 
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Mols Base per Mol EDTA 
Figure 2. Titration of 0.001M Ethylenediaminetet tic Acid 


(EDTA) with (A) KOH (8) KOH in the Presence of an Equimolar 
Amount of Li Salt, and (C) KOH in the Presence of an Equimolar 
Amount of Ca Salt 


the complex. Since pH may be determined quite 
accurately, it also may be used as an accurate method 
for determining equilibrium constants (7. e., free energy 
changes) associated with complex formation. Such 
considerations are beyond the scope of this paper, 
however. 

Figure 2 illustrates the characteristic titration curves 
first obtained by Schwarzenbach (/9) for ethylenedi- 
aminetetraacetic acid (EDTA) in the presence of various 
metal ions. Curve A is the titration curve obtained 
in the presence of 0.100 N potassium ions upon the 
addition of potassium hydroxide. This ion does not 
interact with the complexing agent, and the curve 
therefore may be taken as the normal titration curve 
of the amino acid. Curve B is typical of the titration 


12 


pH 


2 

0 3 4 
Mols Base per Mol EDTP 
Figure 3. Titration of 0.01 M EDTP with KOH in the Presence of 
imolar A ts of Various Metal Ions: (A) free EDTP, (B) Mg**, 
(C) Mn**, (D) Ca**, (E) Fe**, (F) Co**, (G) Zn **, (H) Ni**, Cut* 
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of EDTA in the presence of a weakly complexed meta] 
ion (lithium) and curve C shows the effect of a strongly 
complexed ion (calcium) on the titration curve. | 
is apparent that pH drop during the titration is very 
large for the strongly complexed metals. It is of 
interest to note that the relative effects apparent jn 
Figure 2 are not as discernible for more strongly com- 
plexed ions. Thus the titration curves of the transi. 
tion metals lie below calcium but differ very little 
from each other. Hence, it may be stated that the 
more stable the chelate formed, the greater the pH 
drop. However, the more sfable chelates produce 
approximately the same very large pH drop. 

Another example of the correlation of chelate stabil- 
ity with the extent of pH drop is illustrated in Figure 3, 
The titration of ethylenediaminetetrapropionic acid 
in the presence of various transition metals, recently 
investigated by Courtney, ef al. (20). It is apparent 
that the magnitude of the pH drop in the central 
buffer region of the titration curves between a = 2 and 
a = 4 correlates with the relative stabilities of the metal 
complexes which are: Cu > Ni > Co, Zn > Fe (ID), 
Cd > Mn > Mg. 

Since complex formation is associated with a dis- 
placement of hydrogen ions, it follows that metal com- 
plexes should be more stable at high pH, and, except 
for the most stable, are extensively dissociated in 
strongly acidic solutions. This principle is employed 
in the separation of ions by various methods as in the 
use of ion exchangers, solvent extraction systems, dnd 
fractional precipitation. In these processes the pH 
may be adjusted so as to dissociate certain complexes 
into the aquo metal ions, while leaving other (more 
stable) complexes unchanged. 


ANALYTICAL APPLICATIONS 


It is apparent from the titration curves of EDTA, 
curve C, Figure 2, that it behaves like a strong acid in 
the presence of a strongly complexed metal ion. As 
a result of the large pH drop which accompanies com- 
plex formation, the pH is very low during the formation 
of the chelate, and rises sharply at the end of the titra- 
tion in the presence of excess base. The complex in- 
volving one metal ion to one mol of complexing agent 
is not appreciably dissociated at the end point, and the 
quantity of base used is therefore related stoichio- 
metrically to the amount of metal ion present. This 
makes it possible to employ such reactions for the an- 
alysis of metals. A large pH effect results in a large 
PH rise at the end point, which may be detected easily 
by means of ordinary pH indicators. Analytical proce- 
dures based on these principles have been described 
in detail by Schwarzenbach (2/). By titration of 
metals with chelating agents, or with base in the pres- 
ence of chelating agents, he has been able to titrate 
accurately such metals as Mn++, Fe++, Fe**, Co**, 
Ni++, Cut++, Znt++, Cd++, Ca++, Mg++, Sr++, Bat*, 
and Pb+t*. 

A simple example of such analytical procedures, and 
an illustration of the principles involved, may be found 
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in a related method recently worked out by Jones and 
Martell (23). A metal solution is adjusted to pH 4.5, 
in the absence of a buffer, and is titrated with a solution 
of the disodium salt of EDTA, also at pH 4.5, and the 
pH of the mixture is followed with the glass electrode. 
The solution is then titrated with standard sodium 
hydroxide to the original pH. More complexing agent 
is then added, the standard base is again added, and 
the procedure is continued until no further pH drop 
occurs on addition of complexing agent. The number 
of mols of metal ion present is twice the number of 
mols of base used. The reaction may be expressed by 


the equation: 


20H- + H.EDTA~? + M**(H20)n MEDTA?~* + 
(n + 2) H,0 


Figure 4 illustrates the relationship between the com- 
ponents present. The titration may be visualized as 
taking place between the inflection points for the diso- 
dium salt and the metal complex, indicated by distance 
X. A,weaker complex which is partially dissociated 
at pH 4.5 gives a titration curve illustrated by C. 
It can be seen that in this case the stoichiometric 
amount of base is not required and the metal cannot be 
analyzed by this method. It is also important that 
the aquo metal ion not be appreciably hydrolyzed at 
the pH employed. Among the metals that may be 
determined by this procedure are Ca, Zn, Cd, Cu, Ni, 
Co, Fe(II), Mn, Pb, and La. The alkaline earth 
metals Ba, Sr, Mg, and the alkali metals are too weakly 
complexed to give a satisfactory end point. Trivalent 
ions such as Fet+®, and Al**, are extensively hy- 
drolyzed at pH 4.5 and do not give a simple stoichio- 
metric relationship for this titration method. 

Since the alkaline earth metals are not appreciably 
hydrolyzed at pH 7.5, they may be titrated with the 
next higher salt of the complexing agent, 7. e., the tri- 
alkali metal salt, for which a 1:1 ratio exists between 
the mols of base used and the mols of metal ion 
present (Y of Figure 4). The procedure is otherwise 
the same. ‘Transition metals may not be titrated at 
this pH since they are either insoluble or extensively 
hydrolyzed. 

The sharp inflection point for titration of metals 
with chelating agents observed in Figures 2 and 4 are 
not general for coordination of donors with metal ions. 
In cases where intermediate complexes occur, the in- 
flection point is less satisfactory and may be absent 
entirely. This is illustrated by Figure 5 which repre- 
sents the effect of added cyanide on the concentration 
of hydrogen and cadmium ions. It may be seen that 
a sharp rise in pH occurs at the end point of the 1:1 
reaction of the hydrogen and cyanide ions. Any 
measuring device or color reaction sensitive to the 
sharp rise in cyanide or hydroxide ion concentrations 
which occurs at the end point would be a satisfactory 
indicator for such titrations. 

There is no apparent end point of the cadmium- 
cyanide reaction, however, since the intermediate cyan- 
ides formed before the completion of the 1:4 reaction re- 
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2 3 4 
Mols of Base per Mol of EDTA 

Figure 4. Titration of Metals with Salts of EDTA. X = mols of Base 
Required for Titration by the Dialkalimetal Salt. Y = mols of Base 
Required for Titration by the Trialkalimetal Salt. (A) pure EDTA, 
(B) Strongly Complexed Metal, (C) more Weakly Complexed Metal 


sults in a progressive decrease in Cd*+* concentration (in- 
crease in pZn) before the Cd(CN),~—~ complex has been 
completely formed. Also, this product is extensively 
dissociated at the end point and the formation of the 
complex is complete only in the presence of excess 
cyanide. Hence, the cyanide ion may be employed 
to titrate strong acids, just as any other strong base 
may be used, but it is not satisfactory for the titration 
of the cadmium ion. 

It may be seen, therefore, that the existence of a sharp 
end point suitable for analytical purposes requires: 
(1) high affinity of the complexing agent for the metal 
ion corresponding to a high stability constant for the 
complex, and (2) the virtual absence of intermediate 
complexes of lower stability. From both points of view 
it is apparent that chelating agents are most satis- 
factory for this purpose. The larger the number of 


pH or pM 


0 1 2 3 4 5 
Mols of CN~ per Mol of Cation 


Figure 5. Titration of 0.01 MH* and Cd*+* with0.1 MCN-. pM = Log 
Reciprocal of Metal Ion Concentration 


donor groups on the donor molecule, the more stable 
the chelate and the fewer the intermediate complexes 
that can be formed. The alkali metal salts of EDTA 
are admirably suited to this purpose since the hexaden- 
tate anion has a high affinity for aqueous metal ions 
and it forms primarily 1:1 complexes. 
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Figure 6. Ti of Tetr lent Metal Ions with Mono-, Bi-, 
and Quadridentate Li ds. K = Stability Constant of MKe,. (1) Log 


K = 10, (2) Log K = 20, (3) Log K = 30. (A) Tetradentate, (B) Bidentat 
and (C) Monodentate 


Figure 6 shows the sharpness of the end point of a 
metal titration as a function of the ability of the chelat- 
ing agent to match the coordination requirements of 
the metal ion, and of the stability of the complex or 
chelate formed. These curves were calculated as- 
suming that no intermediate complexes were formed in 
the titrations. The formation of such intermediates 
would greatly raise the initial portion of the curve and 
tend to further mask the inflection point in the case of 
the 2:1 and 4:1 complexes. It is seen that the sharpest 
drop in metal ion concentration occurs when the 1:1 
chelate isformed. A satisfactory indicator is one which 
shows a definite change somewhere in the vertical por- 
tion of these titration curves. Certain dyes which 
are known to be sensitive to changes in pM have been 
used as indicators for such titrations. Thus Schwarzen- 
bach has employed Eriochromschwarz-T for Mgt*+ 
(24, 25, 26), murexide for Ca++ (27, 28), and Tiron 
(3,5-disulfopyrocatechol) for Fe** (29). 

Under the proper conditions the potential of an “‘inert”’ 
electrode changes abruptly when a large change in 
pM occurs. Such electrodes have been employed 
quite successfully as indicators in metal titrations (30). 


METAL ION CONTROL 


Associated with this problem of metal titrations is the 
use of chelating and complexing agents for metal ion 
control (7. e., exact control of the concentration level 
of a metal ion in aqueous solution). Such a metal 
buffer system may be considered analogous to a typical 
pH buffer: 


A. pH Buffer System: a weak acid in equilibrium with its salt 
HA = Ht + A- 
B. pM Buffer: a metal chelate in equilibrium with the chelat- 
ing agent: 
(a) In alkaline solution 
MKe = M** + Ke- 
(b) ia acid solution 
MKe + nH+ = M* + nHKe 


Thus, the metal chelate is analogous to the weak acid 
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and the chelating agent anion is analogous to the sal 
of the weak acid. A solution that would maintain th § 
most constant value of pM in the solution is one tha § 
contains equal amounts of metal chelate and chelating 
anion, and this solution would be said to have optimun 
buffering capacity against disturbances that would tend 
either to remove or produce metal ions. The value of 
pM in this solution would be exactly the logarithm 
the stability constant of the metal chelate. Hence. 
the analogy to a hydrogen ion buffer system is complete 
In solutions of lower pH the value of pM would als 
be hydrogen-ion-dependent, the extent of this dis. 
turbance being in turn dependent on the basicity of the 
complexing agent anion. This is just another exampk§ 
of the competition between hydrogen and metal ions 
for the complexing agent. Just how hydrogen ions 
affect a metal buffer system is best illustrated by an 
example. Figure 7 illustrates the level of zine io 
control by four well-known complexing agents: §, 
6’, 8’’-triaminotriethylamine, EDTA, ammoniatriace-f 
tic acid, and ammoniadiacetic acid. The various forms 
of these complexing agents are illustrated by formulas 
XV through XXVI. In solutions above pH 10, the 
basic forms of the complexing agent (XVI, XX, XXIII 
and XXVI) are present, and the zero slope of the pMf 
curves in this region indicate that there is no hydrogen-#§ 
ion dependence. At this pH no hydrogen ions an 
displaced when the metal combines with the chelating 
agent. At lower pH, the tetradentate amine exists 
in combination with four protons (formula XV) and 
the metal ion concentration varies as the fourth power 
of the hydrogen ion concentration (7. e.,n = 4 in equa 
tion (b) above). Accordingly the slope of ApM/ApH is 
4. The acid forms of ammoniatriacetic and -diacetic 
acids in the pH range shown have only one displace} 
able hydrogen ion per molecule (on the nitrogen) a 
indicated by formulas XXII and XXV. Hence, the) 
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Figure 7. Regulation of Zn*+*+ Concentration by Various Ligands 
(A) Ethylenediaminetet tate Ions, (B) forms of 8,8’,8”-Triamino- 
triethylami (C) A iatriacetate Ions, (D) Ammoniadiacetat 
Ions. Ratios of Ligand to Metal Ion Concentration = 2:1 be 
slopes of the pM curves of Figure 7 are unity. Thé ™ 
curve for EDTA shows an interesting correlation wit Ay 
the pH titration curve of Figure 2, curve A. Betwee 
pH 7 and 10 the curve has a slope of unity since in thi a 
range the complexing agent exists as the trinegativé i 
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Forms of 8, B', Triaminotriethylamine 


CH.CH.NH; 
H,NCH.CH,—NH 
CH.CH.NH,; 


(XV) Acid form 
CH.CH.N 
H.NCH:CH,N 


CH.CH,NH, 


(XVI) Free base 


Forms of Ethylenediaminetetraacetic Acid 
HOOCCH, CH,.COOH 
NCH,CH,N 


| 
-OOCCH, H H CH,.COO- 
(XVII) 
-OOCCH, 
+ + 
NCH,.CH,N 
/ | 
-OOCCH.H 


CH,COO - 


CH,COO 
(XVIII) 


-OOCCH, 
NCH,CH.N 


| 
-OOCCH.H 
(XIX) 


CH,COO- 


CH,COO- 


-OOCCH, 
NCH,CH.N 
rd 
-OOCCH, 


CH,COO- 


CH,COO- 
(XX) 


Forms of Ammoniatriacetic Acid 
CH,.COOH 


-QOCCH.N 


IS 
H CH,COOH 


(XX1) 


-OOCCH,N 


H CH.COO- 
(XXII) 


CH,COO- 
~OOCCH,N 
CH,COO- 
(XXIII) 


Forms of Ammoniadiacetic Acid 
H CH,COOH H CH.COO- 


+/ 
N N H—N 
CH;COO- 
(XXV) 


CH,COO- 


J 
H  CH,COO- H 
(XXIV) 


CH,COO- 
(XXVI) 


below pH 7 the slope is 2 since the di-zwitter ion XVIII 
is present under these conditions. 
ABSORPTION SPECTRA 


Since many metal chelates and complexes, such as the 
metalloporphines and phthalocyanines are highly col- 
ored, light absorption has long been considered one of the 


277 


important and characteristic properties of coordina- 
tion compounds. Research workers in this field have 
as a rule been very careful to report the color of the 
coordination compounds being studied, and -intensifi- 
cation of or change of color, has frequently been taken 
as an indication of the presence of a metal complex. 
Color in chelate compounds seems to be due primarily 
to the structure of the compound and to the nature 
of the polarizable valence bond system, rather than to 
the type of metal involved. This is strikingly illus- 
trated by the work of Smith and co-workers (3/, 32, 33) 
on metal chelates of o-quinone monoxime, o-hydroxyazo 
dyes, o-hydroxyquinones, and 1-hydroxyanthraquinone 
illustrated schematically by formulas XXVII, XXXI, 
XXVIII, and XXIX, respectively. The absorption 
spectra of these compounds are quite characteristic 


ZO 

M/n INP. 
M/n 


(XXVII) Metal chelate of (XXVIII) Metal chelate 


o-quinone monoxime o-hydroxyquinone 
O =O 
SM/n 


(XXIX) Metal chelate of 1-hydroxyanthraquinone 


for the chelate, being quite different from those of the 
organic compound and of the aquo metal ion. Typical 
are the results for 1-hydroxyanthraquinone shown in 
Table 2. The metal seems to have no effect on the 


TABLE 2 
Absorption Spectra of Various Metal Chelates of 1-Hy- 
droxyanthraquinone 
Metal Maxima, mu Molar extinction 

Cot+ 410 6,080 

480 3190 
Cutt 400 4,830 

500 940 
Mg++ 400 3,160 

500 1440 
UO,+* 410 13,900 

510 
Nit++ 400 8,100 

500 


wave length of the absorption maxima whereas it 
greatly affects the intensity of absorption. 

Another interesting example of highly colored chelate 
compounds is provided by the metalloporphines. The 
absorption spectra of these substances are characteris- 
tic of the metal present. This is probably due to the 
variation of the nature of the bonds between the pyrrole 
nitrogen donors and the metal. Even in the case of 
the hematin compounds, considerable difference in 
color results from variation of the additional groups 
attached tothe iron atom. This effect may be observed 
from the position of the absorption bands of some rep- 
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| 
| 
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TABLE 3 
: Absorption Spectra of Hematin Compounds 

Chelate Metal X¢ Color 
Oxyhemoglobin Fe** —O, Imidazole-protein 2 bands in green 3 
Carbonmonoxyhemoglobin Fe** —CO Imidazole-protein 2 bands in green 
Hemochromogens Fet* N bases N bases 2 bands in green 
Ferrihemoglobinhydroxide Fe +4 —OH Imidazole-protein 2 bands in green 
Ferrihemoglobineyanide Fe* —CN Imidazole-protein 1 band in green 
Hemoglobin Fet* Imidazole-protein Imidazole-protein 1 band in green 
Ferrihemoglobin Fe *? Imidazole-protein Imidazole-protein 1 band in red 


“XX and Y represent additional monodentate groups attached to the iron atom. 


resentative hematin compounds listed in Table 3. 
The variation in color due to a change of monodentate 
groups not involved in the metal chelate rings must 
somehow change the absorption spectra by producing 
a secondary variation in the metal-nitrogen bonds and 
hence influencing the polarizability of the resonating 
valence-bond structure. 

Pfeiffer early recognized the chelate structure of the 
color lakes. It was apparent that highly colored lakes 
were formed by combination of metals with only those 
dyes which contained acidie groups ortho (or para) 
to the chromophoric groups, and hence were capable 
of forming stable chelate rings with the metal. Exam- 
ples of such lakes are the chromic complexes of alizarin 
and its derivatives (formula XXX) and of the o0,0- 
dihydroxyazo dyes (formula XXXI). Pfeiffer (34, 
35) used the principles already laid down for the struc- 
ture of chelate compounds as a guide to further advances 
in this field. 


0 
| 
| 
I OH 
Cr/3 
(XXX) Alizarin-Cr(II1) chelate 
< S—N » 


Cr /2. 
wif 


Chelate of 0,0’-dihydroxyazo compound 
Although many chelates and complexes have chara :- 
teristic absorption spectra, color is certainly not a 
fundamental property of coordination compounds. 
A large proportion are either colorless or do ‘not have 
absorptions which differ significantly from those of the 
metal. In some cases the color is characteristic of the 
organic part of the molecule and is not appreciably 
changed by combination with a metal. Nevertheless, 
color is often a valuable tool in the detection and investi- 
gation of chelate compounds. 


OXIDATION POTENTIAL 


The oxidation potential of a couple consisting of 
two different valence states of a metal such as M°/M +” 


orM*+"/M” +" may be interpreted qualitatively asameas- 
ure of the tendency of a substance to undergo oxidation 
from a lower to a higher valence state. Quantitatively, 
it may be defined in terms of the equilibrium constant 
for its oxidation by hydrogen ions at unit activity 
according to the following equations: 


Couple Standard oxidation potential 
nk (erystal) | 


RT lays al (gas, atm-)] 
+m min pe 
M nF In [aH ay. m| 


where a refers to activity and the activities of all enti- 
ties except M*", M*™", and M”™*" are set at unity, 
Other terms have their usual meaning. Equilibria 
involving oxidation of the complexed form of the metal 
ion may be visualized with the aid of the following 
scheme: 


K (complex) 


+ + 
M ™ (complex) M” (complex) 


K, K, 
M +m 
Ky 


If the higher valence form of the metal ion has a greater 
tendency for complex formation than does the lower va- 
lence state, then K, > Ky, and hence K compicx) > “KM 
With this type of behavior the oxidation potential of 
the complexed metal (or the metal ion in the presence 
of the complexing agent) would always be greater than 
that of the aquo metal ion. This is frequently, though 
not generally, the case. On the other hand the poten- 
tial of the couple M°/M +" is always increased by com- 


plex formation, since M*” is the only form which com-' 


bines with the donor. In other words, the solution po 
tential of a metal is always increased by complex forma- 
tion since only the higher valence form in this case can 
combine with the donor. 

The various ways by which complex formation may 
affect oxidation potential may be visualized best by 
selecting a number of examples. The first-row transi- 


tion metals listed in Table 4 provide some interesting 
comparisons which may be interpreted fairly simply. 
It is apparent from these examples that complex 
formation results in considerable increase in oxidation 
potential, except in the case of the ferrous trisorthophen- 
anthroline-ferric trisorthophenanthroline couple. 
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comparison of the aquo copper ions and copper ammines 
isnot perfectly clear because of the differences in com- 

itions of the two ammines under consideration. For 
all other complexes listed, however, the formulas of 
the complexes do not change on oxidation. 

It is interesting to note that the greatest increases 
in oxidation potential occur when the water molecules 
are replaced by cyanide ions: 1.73 volts for manganese 
and 2.67 volts for cobalt. Replacement of water mole- 
cules by neutral groups, such as ammonia molecules, 
also results in an increase in oxidation potential: 0.74 
volt for copper and 1.74 volts for cobalt. The follow- 
ing tentative explanation is offered for the effects ob- 
served. 

When an ion is solvated, there is a considerable de- 
crease in entropy which is due to the restriction of free- 
dom of solvent molecules in the vicinity of an ion. 
Since this effect would be greater the greater the charge 
of the ion, and oxidation of the metal ion is accompan- 
ied by an unfavorable decrease in entropy. When the 
ion is combined with a neutral molecule such as ammo- 
nia, the larger ion which results has a lower “ionic po- 
tential” (or.charge density) and hence interacts less 
with solvent molecules. Thus in the complex the oxida- 
tion reaction would take place more easily and the 
oxidation potential will be higher. The donor mole- 
cules may be considered as favoring the oxidized form 
by accepting part of its charge and distributing the 
charge over a greater volume. The increase of oxida- 
tion potential for the cobalt ammines is much greater 
than for the copper ammines since the covalent binding 
in the former results in the formation of the highly sta- 
ble and favorable xenon electronic structure about the 
cobalt atom. In the case of the iron-orthophenanthro- 
lines, this electronic contribution is reversed, and pre- 
dominates over the charge-spreading effect. If one 
assumes the electronic effect to be about one volt for 
both iron and cobalt, it is seen that the electronic effect 
is thus deduced to be about 0.25 volt greater than the 
charge spreading effect for cobalt, while it is about 0.37 
volt greater for iron. In view of the qualitative reason- 


TABLE 4 
Couple volts* Reaction 
Cut/Cut+ —0.16 
+0.58 2NH; + Cu(NH;)2* ———> 
Cu(NHs3)4** + e 
Cot*/Co+*s —1.843 ——> Cot? + e 
—0.1 Co(NH;).+* —— 
Co(NH3).** +e 
+0.83 Co(CN).* —— 
Co(CN).7* +e 
Mn++/Mn+3 —1.51 Mnt+——> Mnt*+e 
Mn(II)X,,/Mn(III)X, +0.22 Mn(CN).-* 
Mn(CN).~? +e 
Fet++/Fets —0.771 Fe++——> Fe** +e 
Fe(II)X,,/Fe(IIT)X,, -—0.36 Fe(CN)* —— 
Fe(CN).~* + e 
—1.14 Fe(ophen);++ 


Fe(ophen);** + e 


* E° values taken from Latimer (36); ophen = orthophenan- 
throline. 
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ing involved, these values are to be taken as roughly 
equivalent to a first approximation. The difference in 
behavior of the iron and cobalt in the form of their com- 
plexes is chiefly due to the fact that the electronic 
stabilization effects are in opposite directions. 

When the complexes are negatively charged the un- 
favorable entropy effect is reversed, and this helps to 
stabilize the higher valence state. Oxidation of the 
negative ions results in a favorable decrease in charge. 
It is rather striking that this additional stabilization, as 
measured by the increase in oxidation potential, is 
roughly the same for each couple involved: +0.93 
volt for cobalt, and +0.78 volt for iron. In the case of 
Mn*+*+/Mn** eyanides, comparison is possible only 
with the aquo ions and the differences also depend on 
an indeterminate amount of electronic contribution. 
It is seen that the stabilization here is much higher 
(1.73 volts), as it should be. 

Although these concepts of the effect of complex 
formation on oxidation potential seem to offer a logical 
explanation for the substances listed, the qualitative 
principles outlined should be tested by a large body 
of experimental evidence before they can be considered 
to have possibilities of general application. 

Recently Bailar (37) pointed out some interesting re- 
lationships between the charge of a chelateand thestabil- 
ization of a particular valence state. An example is 
the comparison of the cobalt chelates of o-hydroxyazo- 
benzene and o-hydroxy-o’-aminoazobenzene indicated 
by formulas XXXII and XXXIII. The trivalent state 


< 
O—Co(IIT) /3 
(XXXII) Co(III) chelate of o-hydroxyazobenzene 


Qo 
\ 
NH, 


(XXXIII) Co(II) chelate of o-hydroxy o’-aminoazobenzene 


of the metal was found to be the most stable with the 
bidentate reagent, while the tridentate reagent was 
found to stabilize the divalent form of the metal. It is 
seen that these valence states are exactly those which 
cause the greatest reduction in charge of the chelates 
with the number of ligands necessary to satisfy the co- 
ordination requirements of the metal. Hence, it seems 
that the stabilization factor discussed above resulting 
from a reduction of charge of the metal complex prob- 
ably plays an important part in the stabilization of these 
chelates as well. 

Frequently the surrounding of an ion with large chel- 
ate groups converts the relatively reactive aquo ion into 
a comparatively inert structure. This greatly reduces 
the ability of the ion to be affected by its surroundings, 
and may greatly reduce the rate of oxidation and reduc- 
tion processes. This type of shielding of the ion may 
result in a system so sluggish as to render the determi- 
nation of oxidation potentials virtually impossible. Ex- 
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amples of such inert complexes are the metallophthalo- 
cyanines and metalloporphyrins. 

There is good reason to believe that the influence of 
donor groups on the oxidation potential of a metal ion 
may have a profound effect on the catalytic activity of 
such metal ions in aqueous solution and in other media. 
Experimental work is accumulating from many sources, 
particularly from biochemical fields, which indicate that 
the examples of such catalytic activity of chelates are 
many and varied in their function. Some of these are 
the metal-enzymes, such as the metal-catalyzed proteo- 
lytic enzymes, ascorbic acid oxidase (a copper enzyme), 
Vitamin B-12 (a coenzyme containing Co**), and the 
metalloporphyrins such as hemoglobin and chlorophyll. 
Probably the most widely studied are the oxygen car- 
riers, hemoglobin, and the corresponding chemical mod- 
els such as bis-histidino-cobalt(II) and bis-salicylalde- 
hydeetihylenediimino-Co(II). These chelates have the 
unusual property of combining reversibly with molec- 
ular oxygen. Apparently the effect of the donor on 
the metal ion is such as to increase the oxidation poten- 
tial of the metal beyond the point where it does not 
react with oxygen at all, but not to the point where it is 
irreversibly oxidized to the higher valence state. Hence 
the control of the oxidation potential at some interme- 
diate level gives the chelate its special properties and 
enables it to carry on its important biological function. 
This idea was first suggested by Calvin (38) and is de- 
scribed in detail elsewhere (39). 
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Now, one more excuse for taking that ‘“‘snake-bite medicine” on camping or 
hunting trips has been eliminated. The snake-bite hazard has been ended by the 


development of snake-proof trousers. 


Each trouser leg has a lining of woven 


Monel wire mesh which is light and yet prevents the snake’s fangs from penetrat- 


ing. 
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T ue neutron has played such a remarkable role in the 
development of science in the last 20 years, and in 
the economic and political world, that it may be of 
interest to trace the history of the speculation as to its 
existence through the early part of this century until its 
discovery in 1932. Originally the neutron came to the 
minds of some men as a nebulous concept existing only 
in their creative imagination. After the passage of 
approximately 30 years it suddenly appeared in experi- 
mental science as a definite entity having an existence 
uniquely its own. The pursuit and the discovery of the 
neutron provide an absorbing picture of the human side 
of science, for here the prize went not to the experi- 
menters who discovered the puzzle but to the one who 
deciphered it. And he, as it so happened, was one who 
had sought for it long and diligently. 

It is always interesting to consider the beginnings 
of an idea prior to its unequivocal discovery, such 
as that of the neutron, and the actual thing itself. 
Scientists realized almost 30 years before the neutron 
was discovered that such a neutral particle might exist 
because of the atomic character of electricity. Nernst 
(1), in his book on theoretical chemistry, discussed 
negative and positive electrons. The former were 
known to exist at that time but the latter had a hypo- 
thetical existence. Consequently Nernst said, “It is a 
question of much importance whether a compound of the 
positive and negative electrons (neutron, an _ electri- 
cally neutral massless molecule) really exists; we shall 
assume that neutrons are everywhere present like the 
luminiferous ether, and may regard the space filled by 
these molecules as weightless, nonconducting, but 
electrically polarizable, that is, as possessing the proper- 
ties which optics assumes for the luminiferous ether.” 

Again well in advance of the actual discovery Nernst 
considers the possibility that the positive electron may 
exist. But its isolation will be difficult, he says, because 
of its “greater affinity for ordinary atoms or radicals. 
There appears to me at the present time to be no reason 
to doubt that positive electrons might be isolated.” 
This particle was not found until 1932. 

The word neutron appears in two rival theories of 
X-rays in the earlier part of 1912 (2). One was a pulse 
theory by Stokes and the other a corpuscular theory due 
to Bragg. Bragg postulated that when an electron hit 
the anticathode in an X-ray tube the electron picked up 
sufficient positive electricity to neutralize itself. Thus 
it became a “neutron.” This neutron was very small; 
no larger than an electron. Bragg believed that such 
an hypothesis was necessary to account for the ionization 
of gases by X-rays with the subsequent appearance of 
electrons again. These electrons had nearly the same 
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speed as the original electrons, hence it appeared likely 
to Bragg that the electrons were those which originally 
struck the anticathode; except that they had become 
“neutrons” along the way. 

In a still earlier attempt to understand the nature of 
X-rays and gamma rays and their great penetrating 
power Rutherford wrote (3), “It is also possible that 
gamma rays may consist of uncharged particles pro- 
jected with great velocity” and, as a reasonable support 
for this suggestion, added, ‘a small particle moving 
through matter would probably not be absorbed as 
rapidly as a charged particle of the same mass and 
velocity.” It is obvious that the great penetrating 
powers of the neutron were recognized at a very early 
stage. 

Later the Joliot-Curies, from the results of their 
experiments, were to take the opposite point of view from 
Rutherford. The neutron was actually present but 
they thought it was a high-energy gamma ray! 

When the work of Rutherford on the nuclear atom 
was published in 1911 a clearer picture of atomic struc- 
ture came into existence. From 1911 to 1920 it became 
apparent to some that another particle, the neutron, 
must be present in the atom to account for the atomic 
weights of the elements. Rutherford (4), in his second 
Bakerian Lecture to thé Royal Society on June 3, 1920, 
predicted with amazing accuracy the existence and the 
properties of the neutron as they are today. He said in 
this lecture: 


In other cases, it involves the possible existence of an atom of 
mass one which has a zero nuclear charge. Such an atomic struc- 
ture seems by no means impossible. On present views the neutral 
hydrogen atom is regarded as a nucleus of unit charge with an 
electron attached at a distance, and the spectrum of hydrogen is 
ascribed to the movements of this distant electron. Under some 
conditions, however, it may be possible for an electron to combine 
much more closely with the hydrogen nucleus, forming a kind of 
neutral doublet. Such an atom would have very novel properties. 
Its field would be practically zero, except very close to the nu- 
cleus, and in consequence it should be able to move freely through 
matter. Its presence would probably be difficult to detect by the 
spectroscope and it may be impossible to contain it in a closed 
vessel. [These slippery qualities of the neutron were later de- 
scribed by Rutherford (5) as “like an invisible man passing 
through Piccadilly Circus; his path can be traced only by the 
people he has pushed aside.” ] On the other hand, it should enter 
readily the structure of atoms, and may either unite with the 
nucleus or be disintegrated by its field, resulting possibly in the 
escape of a charged hydrogen atom, or an electron or both. 


Rutherford then went on to consider the possibility 
that in discharge tubes electrons may unite with protons 
and stated that experiments were to be tried to deter- 
mine if this were so. In this lecture he also said that 
neutral particles of larger mass, 2, 3, 4, or more, might 


37, 
1), 
ec. trav, 
lam, 37, 
Soc., 9, 
f 
| 


exist. Here he seemed to have gone astray for he 
claimed ‘‘the existence of such atoms seems almost neces- 
sary to explain the building up of the nuclei of heavy 
elements.”” And so Rutherford finished by complaining 
of the inadequate knowledge concerning the forces 
binding a nucleus together. This is still a major prob- 
lem of physics today and one yet to be satisfactorily 
solved. 

In addition to Rutherford there were others at that 
time who put forth the concept of a neutral, sub-atomic 
particle. One of these was W. D. Harkins (6), who in 
1921 stated in his “General Theory of Isotopes and 
Atomic Number’ that “the difference of four isotopic 
numbers between the maxima corresponds to four neu- 
trons or a helio group, which is an alpha particle plus 
two electrons.”” O. Masson (7), L. Meitner (8), and 
S. Ono (9), about this time also brought forth various 
theoretical particles of mass 1, 2, 3, and 4. Miss 
Meitner published her paper on the different ways of 
radioactive disintegration and their possible application 
to nuclear structure. In many cases, she wrote, an 
alpha-ray change is followed by two successive beta-ray 
changes. Therefore it was likely that a neutral par- 
ticle existed independently in the nucleus, and that it 
was made up of four protons and four electrons: 
Experiments were performed during the years 1921 
and 1922 by Glasson (10) and Roberts (11), both pupils 
of Rutherford, to discover this neutral particle. Glasson 
performed discharge-tube and absorption experiments, 
but he was unsuccessful, for as we know now no free 
neutrons are present. Roberts in 1922 attempted to 
find the neutron on the simple assumption that in a dis- 
charge tube filled with hydrogen the electrons might 
combine with protons to form neutrons. If this hap- 
pened, he reasoned, the energy which would be released 
on the coupling of the two particles might be detected by 
calorimetric methods. But he also was unsuccessful. 
It would appear that this problem was still very much 
alive for Rutherford and his co-workers, even after 
these two failures. In 1924 J. Chadwick (1/2), who 
was to discover the neutron, wrote Rutherford from his 
vacation place at Inveroran: “I still think we shall have 
to make a real search for the neutron. I believe I 
have a scheme which may just work but I must consult 
Aston first.”” What this scheme was, whether it was 
ever attempted, and, if so, whether the results were 
published cannot be determined at the present time. 
Rutherford and Chadwick (1/3), in 1921, were still 
patiently searching. In an experiment which they were 
conducting on the energy relations in artificial disinte- 
gration an attempt was made to locate the neutron 
among the protons which were released. But they had 
to conclude forlornly at the end of a description of the 
experiment that, “There is no reason to suppose that 
the particles observed in the previous experiment were 
not all protons.” 

Langer and Rosen (14), in 1931, stated on theoretical 
and mathematical grounds that the existence of the 
neutron was very likely but that there was as yet no 
definite proof of such a particle. It would seem that 
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the theoretical concept of the neutron had been laid for 
its detection. To many of the leading physicists of 
that time it was clear that such a particle should be 
present in matter. It was finally to reveal itself to 
Chadwick who was fully prepared in his background to 
recognize the experimental facts and to draw the 
proper conclusion from them. In the years 1931 to 
1932 the climax was approached rapidly. Bothe and 
Becker (15) in 1930 found that if alpha rays from polo. 
nium interacted with Be .or B a highly penetrating 
radiation came forth. They assumed that these rays 
were gamma rays. Irene Curie (/6), repeated this 
work in the latter part of 1931. She found that the 
“gamma radiation” from Be was about five times as 
intense as that from Poitself. In the next paper, pub- 
lished by Curie and Joliot (17), they announced that the 
so-called gamma radiation was little affected by being 
passed through a thin sheet of aluminum or lead. But 
if this radiation were passed through substances such as 
paraffin, which contains hydrogen, high-velocity protons 
are thrown out. They suggested this effect might be 
due to high-energy gamma rays from the nucleus of the 
Be. Webster (78), in England, proceeded to make a 
survey of this, but again the main chance was missed. 

Shortly after Chadwick’s famous letter to the editor 
of Nature announcing “the possible existence of the 
neutron” the Curie-Joliots published a paper in which 
they still maintained the gamma-ray hypothesis and 
that the total absorption was due to the photoelectric 
and Compton effects. Another paper was published 
(19) showing photographs of tracks of protons and 
helium nuclei, which proved that the agent which 
brought about the ejection of the particles did not cause 
ionization along its path—hence it is neutral. Finally 
on March 19, 1932, a paper was presented (20), approxi- 
mately a month and a half after Chadwick’s announce 
ment, which admitted that the radiation from Be is 
complex. It consists, they said, partly of gamma radia- 
tion and partly of a radiation which they admitted 


might consist of neutrons, absorbed by the ejection of| 


hydrogen nuclei. It may be noted here that this reluc- 
tance to accept the neutron contrasts strangely with a 
remark made to A. Eve, the biographer of Rutherford, 
by F. Joliot. Prof. Joliot told him that, though they 
both followed all publications with care and interest, 
they had not read Rutherford’s second Bakerian Lec- 
ture ‘because in such lectures it is rare to find anything 
novel which has not been published elsewhere.” Joliot 
stated that if he and his wife had read Rutherford’s 
prophetic suggestion about the neutron in the Bakerian 
Lecture it is possible or probable that they would have 
identified the neutron in place of Chadwick. In the 
light of the evidence of the published papers of the 
Joliot-Curies, it is hard not to accept this remark of F. 
Joliot as an instance of scientific sour grapes. At last, 
on June 20, a paper was published by the Joliot-Curies 
and Savel (21), on the radiations excited in light atoms 
by alpha particles in which for the most part the discus- 
sion is only of neutrons. 

In England, meanwhile, Chadwick was not willing to 
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accept the hypothesis of the Curie-Joliots that they 
had found a “‘new mode of interaction of radiation with 
matter.” ‘“To do so would have meant, as Rutherford 
said (22) that we must relinquish the laws of the con- 
servation of energy and of momentum in the production 
of this radiation and its interaction with matter.” For 
it did not seem reasonable to these investigators that a 
quantum of radiation could have such a powerful effect 
as to eject protons with speeds up to 3 X 10° cm./sec. 
from paraffin. It was preferable and more accurate, as 
it turned out, to accept the neutron hypothesis. Chad- 
wick (23) therefore wrote a letter to the editor of 
Nature in which his experiments are described, and his 
tentative belief in the existence of the neutron is put 
forth. Not only did he use paraffin from which these 
radiations ejected protons, but also hydrogen, helium, 
lithium, beryllium, carbon, and air. In this letter 
Chadwick wrote: 


If we ascribe the ejection of the proton to a Compton recoil 
from a quantum of 52 X 10° e. v., then the nitrogen recoil atom 
arising by a similar process should have an energy not greater 
than about 400,000 volts, should produce not more than 10,000 
ions and have a range in air at N. T. P. of about 1.3mm. Ac- 
tually some of these recoil atoms in nitrogen produce about 30,000 
ions. Their range seems to be about 3 mm. 

These results and others I have obtained in the course of the 
work are very difficult to explain on the assumption the radiation 
from beryllium is a quantum radiation, if energy and momentum 
are to be conserved in the collision. The difficulties disappear, 
however, if it be assumed that the radiation consists of particle of 
mass | and charge of 0. 


Chadwick with typical scientific caution ends his 
letter in the same tentative way which he had titled it. 
He said: 


It is to be expected that many of the effects of a neutron in pass- 
ing through matter should resemble those of a quantum of high 
energy, and it is not easy to reach the final decision between the 
two hypothesis. Up to the present, all the evidence is in favor of 
the neutron, while the quantum hypothesis can only be upheld if 
the conservation of energy and momentum be relinquished at this 
point. 


On June 1, 1932, an article was published by Chad- 
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wick (24) confidently entitled, ‘The existence of the 
neutron.” In this article he published observations on 
recoil atoms produced by the neutron radiation. Chad- 
wick expressed the belief that the neutron is a combina- 
tion of an electron and a proton (which is believed to be 
too simple a view today). From his calculations he was 
able to announce that the weight of the neutron is be- 
tween 1.005 and 1.008. 
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AN EXPERIMENT ON THE LAW OF MULTIPLE PROPORTIONS 


ANYONE who desires a laboratory experiment to illustrate the law of multiple pro- 
portions will find it quite satisfactory to use the reduction of cuprous and cupric 


oxides. 


duced by heating in a stream of illuminating gas. 


Weighed samples can be placed in horizontal hard-glass test tubes and re- 


The most important precaution 


to observe is to be sure that the product is cooled while the gas is still running into 


the tube. 


of recognition by students in spite of small errors in the final results. 


The 2:1 valence ratio is advantageous because of its simplicity and ease 


Also, the 


regularity of the gas flow is decidedly helpfui.—John H. Secrist, Wayne University, 


Detroit, Michigan. 


. 
( 
( 
( 


T ux interminable argument goes on as to whether or not 
the coventional assignments of oxidation numbers to 
individual atoms in molecules or ions are “real.” 
Generally a conclusion is reached that puzzling and/or 
nonintegral oxidation numbers may usually be ex- 
plained as being averages of reasonable assignments of 
oxidation numbers to individual atoms and that, after 
all, the chief value of oxidation numbers lies in their 
utility, particularly when writing redox equations. It 
is true, of course, that oxidation numbers play an impor- 
tant and logical role in many simple cases such as those 
involving chloride, bromide, or even sulfate and per- 
manganate ions. Trouble arises when covalent bonds 
enter the picture where it is certainly not true that 
electrons are transferred completely. This is especi- 
ally true when covalent bonds occur between like atoms. 
It has been pointed out by VanderWerf? that actual 
transfers of electrons cannot reasonably be considered 
to occur during many reactions in a one-to-one corre- 
spondence with the usual assignment of oxidation num- 
bers to particular atoms. 

This paper is written to point out that the utility 
argument for oxidation numbers is not really convinc- 
ing, since the conventional system of oxidation num- 
bers is highly arbitrary and it is perfectly possible to get 
along without them. 

It is a favorite question of the author’s during argu- 
ments on this subject to ask students (or professors for 
that matter) to balance an equation for the oxidation of 
ammonium thiocyanate by acid permanganate with the 
following products specified : 


Mn*+*, H20, CO2, Ne 


being careful to point out that it is up to experiment to 
decide finally whether these are really the products or 
not.’ It needs to be pointed out periodically, especially 
to undergraduate students and even to graduate stu- 
dents, that the mere ability to write an equation is not 
necessarily an indication that the reaction will occur or 
that the products are right even if a reaction does occur. 

Many students, including some graduate students, 
who are in the habit of using the oxidation-number- 
change method of balancing redox equations, will hem 
and haw, get weak knees, and finally give up trying to 
balance the above equation. The stronger ones will 
persist and usually arrive at the following assignment of 
oxidation numbers: 


—3, +1 +4,-3,-2 0 +4, +1,-2 +6,-2 
N Ht, C N + C O. + 


1 L. P., J. Cuem. Epuc., 28, 221 (1951). 
2 VanpERWERr, C. A., J. Epuc., 25, 547 (1948). 


e MORE ON OXIDATION NUMBERS 


D. F. SWINEHART 
University of Oregon, Eugene, Oregon 


The oxidation number change is then computed as 
follows: 


for nitrogen (-—6) = +6 
hydrogen +4 — (+4) = 0 
earbon +4 — (+4) = 0 
sulfur +6 —(-2) = +8 
total +14 


sucessfully leading to a final balanced equation. This 
computation works without the half-reaction being 
atomically balanced because, by convention, hydrogen 
and oxygen have oxidation numbers of +1 and —2 re. 
spectively in most of their compounds, as is true here, 
and so involve no change of oxidation number. 
Consider, however, the following highly arbitrary 
assignment of oxidation numbers: 
-7,42 -1,4+4,46 
N Hit, C NS- + 8HO—> 
0 +6, -—3 +3,-6 —14, +3 +1 
Ne + C + 2H,0 + S O,-~ + 16H* 
The oxidation number change is computed as follows: 


for nitrogen 0- (-3) +3 
hydrogen +28 — (+56) = —28 


oxygen — 6 — (—48) = +42 
carbon + 6 — (—11) = +17 
sulfur —14 — (+ 6) = -—20 
total +14 


with a total change as before. A few examples of this 
type quickly convinces one that any arbitrary assign- 
ment of oxidation numbers, subject to the single re 
quirement that for each molecule or ion the sum of the 
oxidation numbers must add up to the net charge on that 
molecule or ion, will serve as well for the writing of 
equations as the conventional assignment. For a half- 
reaction it is thus only the over-all net change of oxida- 
tion numbers that is unique and not the oxidation num- 
bers themselves. 

Thus the usual convention that oxygen shall (almost) 
always have an oxidation number of —2 in its com- 
pounds is seen to be convenient and reasonable but also 
arbitrary and not necessarily the only possible one. 

If, however, one uses the ion-electron method o 
Jette and LaMer,’ the following detailed procedure 
balances the above oxidation half-reaction: 

(1) Observing that there are two gram atoms of ni- 
trogen and four of hydrogen in a formula weight 0 
ammonium thiocyanate, one writes two water mole 
cules and one each of the other products on the right 
side. 

(2) Observing that there are now eight oxyge 
atoms on the right side and that the solution is acid, on 


Jerre, E. R., V. K. LaMenr, J. Cuem. Epvc., 4, 1021 
1158 (1927). 
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may add eight water molecules on the left side and 
write the extra 16 hydrogen atoms as hydrogen ions on 
the right side, obtaining 


NH,+, CNS~ + 8H,0 = N, + CO, + 2H,O + SO,- + 16 H+ 


There are now the same number of each kind of atoms 
on both sides but not the same net charge. 

(3) By merely counting the net charges on each ion, 
one sees that there are no charges on the left and a net 
of +14 charges on the right. Thus the addition of 14 
electrons on the right balances the charges. Two 
water molecules may, of course, be subtracted from both 
sides. 

An exactly similar argument balances the reduction 
half-reaction and the addition of the two half-reactions, 
each multiplied by an appropriate constant such that 
the electrons cancel out, results in the complete ionic 
equation. 

Now the point of this detailed description is that at no 
point in the procedure is the question asked, “‘What is the 
oxidation number of that element in that molecule?” 
It is simply not necessary ever to ask this question. 
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Thus, whenever a question or ambiguity arises with re- 
spect to an oxidation number, it is really not worth 
worrying about. One dosen’t need it. For the reason 
that the ion-electron method avoids asking this ques- 
tion and so avoids any dependence on highly arbitrary 
assignments of oxidation numbers, the author believes 
that this method is more intellectually honest and fun- 
damental than the oxidation-number-change method 
and for that reason is to be preferred, especially for 
academic purposes. 

At the same time, likewise in the interest of honesty, 
it must be recognized that any equation may be written 
using oxidation-number change if one has the boldness 
to assign arbitrary oxidation numbers in case of neces- 
sity. Setting all of them equal to zero in a neutral 
molecule is frequently useful. In the limit where all 
the oxidation numbers in neutral molecules are set equal 
to zero, the two methods become essentially identical. 

It is also true that the time required to balance the 
usual classical equations by the oxidation-number- 
change method frequently is less than that by the half- 
reaction method. 


Ix 4 former article in this journal' the senior author 
made a progress report on a chromatography problem 
in inorganic chemistry on which she had been working 
with students in “Independent Study Courses.”” That 
paper and papers at annual meetings of the Virginia 
Academy of Science from time to time? have been in 
the nature of progress reports on applying chromato- 
graphic adsorption techniques to elementary qualitative 
analysis. This paper is a continuation of these former 
reports. 

To date, a very satisfactory scheme of analysis for 
metal ions in the silver, arsenic, copper, zinc, aluminum, 
and alkaline earth groups* (each group present alone 
in a solution) has been worked out. A chromato- 
graphic scheme of analysis for the members of the 


Fituincer, H. H., J. Cuem. Epuc., 24, 444-5 (1947). 

* Reports before the Virginia Academy of Science in May, 1947, 
and May, 1951, respectively. 

* With the exception of calcium because of failure to date to 
secure the desired reagent. 
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CHROMATOGRAPHIC ANALYSIS FOR METAL 


HARRIETT H. FILLINGER and 
LOIS ANN TRAFTON 


Hollins College, Virginia 


alkali group is not sufficiently complete to be reported 
at this time. Some work has been done on detection 
of anions and on a general unknown, but that work is 
not included here. At present, the students separate 
the metals into the above groups by some well-known 
scheme of qualitative analysis‘ and analyze each group, 
or part of a group, by our chromatographic method. 
They also use the chromatographic tests as confirma- 
tive ones when in doubt during their analyses by some 
well-known method of semimicroanalysis. The tests 
herein reported have proved quite satisfactory in the 
hands of students in their first course in qualitative 
analysis. The students are much pleased with the 
chromatographic method which is “easy, quick (a few 
minutes to each group), and gives such beautiful colors”’ 
on the columns of alumina used as the adsorbent. The 
authors are convinced of the importance of the work, 


4 The method generally used is that given in Hoengss, T. R., 
AND W. C. Jounson, “Qualitative Analysis and Chemical Equilib- 
rium,” Henry Holt and Co., New York, 1940. 
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even in its present state, as a supplementary method of 
analysis. Also, it gives an opportunity to acquaint 
undergraduate students with a technique which is 
daily increasing in importance. 

Alumina, specially prepared for work in chromato- 
graphic adsorption, is used in all of the work discussed 
here. Some experiments with other adsorbents have 
been made, but such work is not included. For the 
preparation of the alumina columns, tubes of ordinary 
glass tubing 15-20 cm. in total length and 6-8 mm. 
inside diameter have been found quite satisfactory and 
are used in most of the work. In testing very dilute 
solutions the smaller of the above sizes, or even a 4-5- 
mm. tube, may prove more successful. Sometimes for 
exhibition purposes tubes a little larger than the above 
are used, but these latter are wasteful of material in 
semimicroanalysis. A constriction about 3 cm. from 
one end of the tube serves to hold a small plug of cotton 
and the alumina in place. The short end of the tube 
is fitted into a stopper in a filter flask and both tapping 
of the tube and suction are used while preparing the 
column of dry alumina. A glass rod is used to tamp the 
alumina column after the tube is nearly full of the 
adsorbent. The unknowns are usually prepared by 
mixing equal volumes of tenth-molar solutions of solu- 
ble salts (nitrates so far as possible) of the metals. 
Sometimes these mixtures are diluted. Excellent 
results have been obtained in very dilute solutions. 
Chromatographic adsorption methods as here reported 
undoubtedly give extremely sensitive tests for many 
of the metal ions. 

In the analysis of some groups, as will be noted below, 

more than one column of alumina and more than one 
reagent are used to develop the chromatograms. All 
of the reagents needed for the analysis of a group 
should be close at hand before starting the analysis. 
The reagents to develop the chromatograms should be 
added in as rapid succession as possible. Suction is 
not applied while adding the solution to be analyzed or 
while adding the reagents to develop the chromatogram. 
If the bands in the chromatogram are composed of 
insoluble compounds the bands can be brightened by 
washing the completed chromatogram with distilled 
water while applying suction. The appearance of such 
a permanent chromatogram is generally improved by 
washing. 
- It will be noted below that the usual reagents for 
end-tests are employed in the chromatographic work 
where possible. Many reasons for doing this are 
obvious ones. Since the work was an undergraduate 
problem and the analysis, if possible, was to be one 
useful to elementary chemistry students, it was natural 
to have the students try well-known tests first. Also, 
since an important function of a course in qualitative 
analysis is the teaching of chemical principles it is 
important that the student use, so far as possible, 
reactions for which she can be expected to write the 
equations intelligently. The development of the 
students has been an important part of our work. 

In the following paragraphs a brief description of the 
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present scheme of analysis for each group will be given, 
The authors and students hope that they can soon 
offer detailed instructions for carrying out the analyses, 
As soon as detailed instructions are ready the work may 
be offered as a problem under the National Cooperg. 
tive Undergraduate Chemical Research Program or for 
publication in manual form. 

In each group the one or more columns of aluming 
used are wetted a distance of about 4-7 cm. with the 
solution to be analyzed and the reagents to develop the 
chromatogram are added in as rapid succession as 
possible. 

In the analysis of the silver group only one column and 
one reagent are needed. After wetting the column with 
the solution of members of the group, the one reagent, 
potassium chromate, is added until the chromatogram 
is completely developed. If all three members of the 
group are present, reddish-orange, yellow, and dark 
rust colored bands appear in the chromatogram in the 
order mentioned. The reddish-orange band at the top 
of the column is a positive test for mercurous ions; the 
yellow band is a positive test for lead ions; the dark 
rust color is a positive test for silver ions. If there is 
any doubt about any of these on washing the chro- 
matogram the doubt can be removed by eluting the 
bands as described in the former article on this work 
(see ref. 1). 

For the analysis of the copper group one alumina 
column and three reagents are used. If cupric ions are 
present a pale blue band should appear on wetting the 
column with the solution to be analyzed and should 
grow deeper in color on addition of the reagent to 
develop the bismuth band. A drop or two of freshly 
prepared solution of paradimethylaminobenzalrho- 
danine in ethyl alcohol is first added to the column 
wetted with the copper-group solution. Formation of 
a narrow pinkish-purple band at the top of the column 
is a positive test for mercuric ions. Sodium stannite 
solution next added gives a black band about | em. 
down the column as a positive test for the presence of 
bismuth ions, and the excess nydroxide darkens the 
blue band of cupric ions still farther down the column. 
Finally, a concentrated solution of sodium sulfide addel 
to the column turns the blue band of cupric hydroxide 
dark brown and forms the yellow band of cadmium 
sulfide below the cupric sulfide band. 

Three columns of alumina and three reagents are 
used in the analysis of the arsenic group. In the anal- 
ysis at present, any stannic tin should be reduced to 
stannous tin before making the test for tin. However, 
while making the test for arsenic, which should be present 
as arsenate, tin should be present as stannic tin. 
the solution should be as nearly neutral as possible when 
making the test for arsenate ions. A hot, concentrated 
solution of sodium thiosulfate is used to test for anti- 
mony ononecolumn. Theappearanceofan orange band 
well down in the column on addition of excess of the 
thiosulfate is a positive test for antimony. A saturated 


5 In general, concentrated solutions should be used to develop 
chromatograms. 
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water solution of cacotheline is used to develop a 
yidlet-blue band which is generally narrow and is well 
down below the top of a second column of alumina. 
This band is a positive test for tin as stannous tin. Ona 
third column of alumina concentrated silver nitrate 
solution is used to develop a chocolate-colored band 
at the top of the column as a positive test for the pres- 
ence of arsenic as arsenate. When there is doubt about 
this test, the Marsh test, or a modification of it, can be 
used. 

In analyzing the zinc group, two columns and four 
reagents to develop the chromatogram are needed. 
Afew drops of concentrated potassium ferricyanide solu- 
tion followed by a sulfuric acid solution of diethylaniline 
give a relatively broad, dark-terracotta, permanent 
band‘ at the top of one column of alumina as a positive 
test for zinc ions. A few drops of a freshly prepared 
mixture of sodium bismuthate and nitric acid added to 
a second column wetted with the solution being ana- 
lyzed gives a non-permanent pinkish-violet band of 
permanganate (test for manganese) at the top of the 
column. An acetone solution of potassium thiocyanate 
is used next on this second column to develop a bright 
blue band below the position of the violet band. The 
blue band is a positive test for the presence of cobaltous 
ions in the known or unknown. As further evidence of 
the presence of the cobalt ions, the blue band will turn 
pale pink and wash out on addition of water to the 
chromatogram. This generally happens when an alco- 
holic solution (unless absolute alcohol is used) of dimeth- 
yiglyoxime is next used to develop the rose-colored 
band which is a positive test for the presence of nickel. 

Sometimes one, but often two columns of alumina are 
used in testing for the members of the aluminum group. 
The aluminon test is used on one column as a test for 
aluminum ions. If there is any doubt about the rose- 
colored band at the top of the column being a positive 
test for aluminum a blank testshouldberun.’? Although 
under certain conditions a single adsorption e¢olumn 
may be used for all ions in this group, it is best for an 
inexperienced person to use two columns of alumina. 
Before testing for iron and chromium, any ferrous iron 
should be oxidized to ferric iron and any chromic ions 
should be oxidized to chromate ions. A solution of 
lead nitrate is used to develop the yellow band of 
chromate at the top of the second column. Potassium 
ferrocyanide solution is next used to develop the dark 
blue band below the yellow one as a positive test for 
the presence of the ferric ions. Washing generally 
improves the appearance of this chromatogram. 

For the analysis of thealkalineearth group twocolumns 
of adsorbent and two reagents are used. In this group 
it will be noted that a test for calcium ions is not yet 
sufficiently complete to be included at this time. A 
few drops of paranitrobenzeneazoresorcinol followed 


®The column should be washed thoroughly before deciding 
that the band is one that will not wash out. 

7 Since a column of alumina is being used, a faint rose band 
will be developed even when aluminum ions are not present in the 
solution being analyzed. 
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by sodium hydroxide solution on a column wetted with 
the group solution are used to develop a band of blue 
lake at the top of the column as a test for magnesium 
ions. In practice, the organic reagent is generally 
added to a few drops of the unknown before wetting 
the column of alumina with it. The sodium hydroxide 
is then added to develop the blue band. To a second 
alumina column wetted with the group solution, a few 
drops of freshly prepared solution of sodium rhodizonate 
are added to develop a broad orange to light rust-colored 
band at the top of the column. This band is washed with 
tenth-normal hydrochloric acid solution without apply- 
ing suction. If barium ions alone are present in the 
unknown only a trace of the band will be washed out 
by the acid; if strontium ions alone are present, all of 
the band will be washed out by the acid. If both 
barium and strontium are present, approximately the 
upper half of the chromatogram will be dissolved. 

This chromatographic scheme of qualitative anal- 
ysis for metal ions has served a very fine purpose in the 
development of the students of a small department... It 
has been invaluable as a cooperative study stretching 
over a period of years. Freshmen and sophomores have 
checked the scheme as the analysis has been worked out 
by seniors and juniors. It may be added that a sopho- 
more, now and then, has made an important contri- 
bution to the development of the analysis or to the 
technique of carrying out the tests. Since the number 
of students on the problem any year has been very 
limited the work has progressed slowly. However, as a 
stimulus to a small department the long period of time 
has been helpful. The fact that students begin early in 
their sophomore year to look forward to working on the 
problem if it isn’t “completed”’ too soon is a stimulus to 
them. The more advanced students who are trying to 
work out the method are stimulated by the students in 
the qualitative analysis course who are anxious to try 
out the scheme. Also, alumnae who have worked on 
the problem are interested in noting the progress of the 
work when they return to the college for a visit. From 
a teaching standpoint a “long range problem”’ like this 
is more helpful to a small department than problems 
which can be “completed” by one student or one small * 
group of students in any given college year. 

At the present time the students are working on 
improvements in tests and techniques, on a scheme for a 
general unknown containing ions of as many groups as 
possible, on tests for anions, and on the use of other 
adsorbents. It is our belief that we have a very useful 
supplementary analysis for metal ions by chromato- 
graphic adsorption methods well on its way. However, 
this paper should be considered as a progress report. 
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Symposium on Lecture Demonstrations* 


Tue silicones are polymeric substance, the basic 
skeleton of which is the siloxane structure, where the 


Si—O—Si—O—Si—O—Si 


residual silicone valences are satisfied with alkyl or 
aryl groups. The commercial process for producing 
these polymers is the hydrolysis of monomeric chloro 
alkyl silanes, R,SiCl,_,, to the corresponding hydroxy 
compounds which immediately split out water to pro- 
duce the basic siloxane network. In the silicones of 
commerce the R represents either the methyl or the 
pheny] radical. 

Silicones are available in three basic forms or states: 
namely oils or fluids, resins, elastomer gum or compound. 
If the polymerization is run with difunctional mate- 
rial (R,SiCl.) with sufficient monofunctional material 
(R;SiCl) present to stop the chain growth at relatively 
low levels, oils or fluids are obtained. 

If the polymerization is carried out with considerable 
trifunctional material (RSiCl;) present, cross linking 
occurs and resinous materials are produced. 

If the polymerization is carried out with practically 
pure difunctional material so that high-molecular-weight 
long chains are produced, the product is a gum which 
with suitable compounding and curing can be formed 
into a rubber-like substance. 

Thus the silicones are available in three basic forms, 
fluids, resins, and elastomers, all of which exhibit to 
different degrees the unusual properties discussed here- 
after. 

The basic properties of the silicones which make them 
unusual substances may be classified as follows: (1) 
Resistance to high and low temperatures, (2) outstand- 
ing release from sticking, (3) unusual surface proper- 
ties, (4) chemical inertness. 

I should like to illustrate these properties with a few 
typical examples of their application and point out 
several other applications which may serve as a guide 
for demonstrations. 

A typical example of the high- and low-temperature 
properties of the silicones is exhibited by silicone rubber. 
It remains elastic and pliable at temperatures as low 
as—100°F., whereas natural rubber becomes brittle 
under these conditions. Silicone rubber maintains 


* Presented at the 120th Meeting of the American Chemical 
Society, New York, September 7, 1951. 
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its resilience for long periods at an elevated temperature 
(100 hours at 400°F.) whereas natural rubber decom- 
poses rapidly under these conditions (10hoursat 400°F,), 
Although the rubber will burn at a high temperature it 
differs from other rubbers in that it produces sand as 
the residue. This makes it particularly suitable as a 
cable insulation material, since even in case of fire the 
rubber burns to non-conducting sand. To demonstrate 
these properties, silicone rubber strips and natural 
rubber strips are immersed in a dry ice-acetone bath and 
flexed. The silicone rubber remains flexible while the 
natural rubber becomes sufficiently brittle to be shat- 
tered with a blow from a hammer. Similar strips are 
placed in a Bunsen flame. 

Other typical examples of unusual high- and low-tem- 
perature properties are demonstrated by: (1) Small 
change of viscosity with temperature exhibited by the 
fluids, making them excellent damping fluids; (2) high 
temperature resistance of the resins, which may be used 
as improved electrical insulating varnishes permitting 
the design of lighter, more compact electrical motors 
and transformers. 

One of the properties of the silicones which has re 
ceived much prominence is the property of outstanding 
release from sticking. A mixture of sand and phenolic 
resin serves as a molding shell in foundry work. The 
mixture is cured in a master mold, and then itself used 
as a mold. The release property of silicone may be 
exhibited with ordinary household molds. One mold is 
treated with silicone oil and the other untreated, and 
both of them are placed in the oven for a few minutes 
with the molding compound to cure the resin. 

Silicone release materials have found many applications 
in industry. In the molding of rubber tires manu- 
facturers had sought a release material which would not 
decompose at the temperatures used in the molding of 
the product. With the advent of silicone emulsions 
such a release agent was realized, along with added 
advantages such as longer mold life and less down time 
for cleaning. A similar application has been found in 
the food baking business. Silicone-resin-treated pans 
provide release of baked breads by merely tipping the 
pan over. The same pan can be used as many as 500 
times before retreatment is required. Besides this 
obvious advantage, the messy job of cleaning grease- 
blackened pans is eliminated, as is also much of the 
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general cleaning problem of the baking room. Thus 
the amazing release properties of the silicones have 
found many practical useful applications in American 
industry. 

The silicones exhibit a variety of unusual surface 
properties such as water repellency, antifoam action, 
and low surface tension. Probably one of the best 
known surface phenomenon is that which is exhibited in 
combination with waxes in the production of the new 
ear and furniture polishes. Here the silicone gives the 
easy rub-out to the wax and produces a lustrous oil-free- 
finish. 

The. water-repellency-producing property of the 
silicones is one which is attracting more and more atten- 
tion. Thus it is possible to produce water repellency 


with small quantities of silicones. We speak of water 
repellency as distinguished from waterproofness. A 
water repellent does not produce an absolute barrier, 
but presents a porous surface which can still ‘“breathe”’ 
even though it repels water. 

This property can be demonstrated with laboratory 
filter paper. A water repellent is produced on its sur- 
face by treatment with chlorosilane vapors (silicone 
monomers) which react with the surface fibers of the 
paper to produce the silicone polymer “‘in situ.” The 
water repellency of this material is easily shown. That 
the paper is still porous is demonstrated by filtering a 
mixture of hydrocarbon solvent and water. The 
hydrocarbon passes through the paper and the water is 
held behind. 


* RADIATIONS FROM RADIOACTIVE MATERIALS 


Tue Mound Laboratory of the Monsanto Chemical 
Company has supplied speakers on demand for any 
organization in Southwestern Ohio for the last five 
years. Since the Mound Laboratory is operated for the 
Atomic Energy Commission, the subject of the talks 
has been the various aspects of atomic energy, with the 
greatest call being for a discussion of civilian defense 
measures and the effects of atomic weapons. However, 
many groups have asked for a discussion of the more 
fundamental aspects. 

A small radioactivity demonstrator has been very 
useful in both types of lectures. It is not a new type of 
instrument, but has been marketed by several supply 
houses for a number of years. Most university labora- 
tories have one on hand. The one used by Mound 
Laboratory has been adapted for large audiences by the 
addition of a larger glow tube backed by a flash bulb re- 
flector. A one-tube amplifier must be used in addition 
to the demonstrator to give a large enough impulse to 
discharge the tube. 

A demonstration of alpha, beta, and gamma activity 
can be made by mounting polonium, radiothallium, and 
radiosilver sources directly on suitable backing ma- 
terials. Copper and silver coins are very handy. It can 
be shown that alpha particles are blocked by a sheet of 
paper, beta particles by about an eighth of an inch of 
aluminum, while an inch and a half of lead is required 
to block out gamma rays. 

U.S. Government contract No. AT-33-1-GEN-53. 


EDWARD ORBAN 
Mound Laboratory, Monsanto Chemical Company, 
Miamisburg, Ohio! 


Polonium may be obtained from the Eldorado Mining 
Company in Ottawa, Canada, and it is recommended 
that information on other radioisotopes be obtained 
from Dr. Paul C. Aebersold, Chief of the Isotopes Divi- 
sion of the Atomic Energy Commission in Oak Ridge. 

A number of radioactive minerals and ores and their 
sources are listed below. Most of them can be found on 
the shelves of a university geology department, or they 
can be obtained from Ward’s Natural Science Estab- 
lishment, Inc., in Rochester, New York. The beta- 
gamma emission from these minerals is so strong that 
the alpha emission cannot be distinguished on the dem- 
onstrator. 


Uranium ores and minerals Location 
Pitchblende Great Bear Lake 
Pitchblende Colorado 
Carnotite Colerado 
Uraninite Tvedestrand, Norway 
Uranophane Mitchell County, N. C. 
Samarskite Mitchell County, N. C. 
Polycrase, Euxenite Minas Geraes, Brazil 
Euxenite Voandeloka, Madagascar 
Ellsworthite Hybla, Ontario, Canada 
Euxenite Hitero, Norway 
Antunite Hazardville, Conn. 
Tobernite Randsberg, Calif. 


Thorium ores and minerals 


Monozite Sand Bahia, Brazil 


Monozite Sand Cleveland County, N. C. 
Thorite Madagascar 
Thorianite Bolangoda, Island of Ceylon 


A number of manufactured products either use radio- 
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activity or are radiouctive, Static eliminators using a 
polonium strip are manufactured by The Nuclear 
Products Company, Costa Mesa, California. Thorium 
mantles for gasoline lanterns are readily available. 
Uranium colors for potteries are no longer used, but 
samples may be found in stores handling old pottery 
and dishes, Uranium glass is used for sealing pyrex to 
metal, The Firestone Tire and Rubber Company until 
a few years ago manufactured a polonium spark plug 
which reportedly gave improved firing characteristics. 
Because of the relatively short half-life of polonium, the 
amount of radioactivity remaining may be so low that 
they can no longer display any alpha activity. 

The scintillation of zinc-cadmium sulfide phosphors 


In rue normal course of study of organic chemistry 
in our colleges and universities, the student often 
obtains but little information concerning essential oils 
and their role in modern industry. Many graduate 
students have only a vague conception of what con- 
stitutes an essential oil and frequently underestimate 
their importance in the history and development of 
organic chemistry. Bare statements in our textbooks 
such as “Anethole is the chief constituent of anise oil” 
or “Synthetic coumarin is manufactured for use in the 
perfume and flavor industries’’ hardly do justice to the 
contribution of essential oils and related products to 
“Chemistry—the key to better living.’”’ 

Substances commonly known as “oils’’? may be 
Classified in three main divisions: first, the mineral 
oils, derived from petroleum; second, the fixed or 
vegetable oils, consisting for the most part of glycerides; 
third, the volatile or essential oils—so called because 
they were believed to represent the quintessence of the 
odor and flavor of the botanical, whether produced 
from the flower, the leaves, the wood, the root, the 
seed, or the fruit. 

Like many other natural products, these essential 
oils have long been a challenge to the organic chemists 
of the world. Many of the great names in chemistry 
can be found in the roster of those who interested 
themselves in essential oils and related products: 
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may be shown by painting the phosphor on the bottom 
of the inside of a Lucite tube. A strong alpha-ray 
source of 25 to 100 millicuries is brought close to the 
phosphor, and a glow may be observed in a partially 
darkened room. Under the proper conditions of light. 
ing much smaller alpha-ray sources may be used. 

The dissipation of static electricity may be demon. 
strated by the use of the well-known cat skin, pithball, 
and Lucite rod experiment for developing the statie 
charge. If a radioactive source of fair intensity jg 
brought into the vicinity of the pithballs, the static 
charge is shown to drain off immediately. Smaller 
sources take a longer time depending on the strength of 
the source. 


*® THE ROLE OF ESSENTIAL OILS IN MODERN 
INDUSTRY 


EDWARD E. LANGENAU 


Fritzsche Brothers, Inc., New York, New York 


Dumas, Liebig, Wohler, Perkin, Tieman, Reimer, 
Tilden, Baur, Wallach, Semmler, Wagner, Bouveault 
and Blank, Grignard, Merwin and Pondorff, Ruzicka, 
Carothers, and others. 

A great number of investigations have been under- 
taken to discover and identify the constituents of 
complex essential oils; the subsequent syntheses of 
many of the naturally occurring chemical substances 
have resulted in the manufacture and widespread use 
of these synthetics. 

Although the essential-oil industry must be con- 
sidered small in terms of tonnage, its products (derived 
from almost every corner of the world) are used by 
many industries. The obvious applications of es- 
sential oils and related products include: (1) the medic- 
inal use of the oils per se; (2) the preparation of per- 
fumes for extracts, soaps, lotions, facial creams, and 
other toiletries; and (3) the preparation of flavors. 
The average American would find it very difficult to 
spend one day of his life without coming in contact 
with some product which has been made more pleasant, 
more salable, and more satisfying through the use of 
essential oils and related products. 

The chemist who enters our industry usually is 
impressed by the low yields of oil obtained from the 
botanicals. As a student he has become accustomed 


to the high yields demanded in the manufacturing 
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processes of synthetic chemicals. Let us consider a few 
examples to illustrate this point more clearly. When 
processed with modern equipment, a ton of lemon 
fruit will give about 6-7 pounds of essential oil, a yield 
of approximately 0.3 per cent; yet California alone 
produces annually an average of about 600,000 pounds 
of this oil. The average annual production of oil of 
peppermint in the United States is close to 1,000,000 
pounds; yet the yield of oil (depending on the dryness 
of the herb at the time of distillation) is usually but 
0.3 to 0.4 per cent, only rarely as high as 1 per cent. It 
is, of course, difficult to generalize, but we may say that 
a yield of 1 to 2 per cent may be considered normal for 
the production of most essential oils by steam distilla- 
tion; in some cases it is much lower (e. g., one pound of 
rose oil is obtained from 4000 pounds of rose petals, a 
yield of about 0.025 per cent) and in some cases it is 
much higher (e. g., oil of cloves, distilled from the buds, 
about 16 per cent). 

Commercially, the yield is an important factor in 
the cost of an oil. In the analytical evaluation of 
botanicals as raw materials for essential oils, a labora- 
tory steam-distillation is usually carried out. The 
most convenient and available type of apparatus 
employed is the so-called “Clevenger trap for the deter- 
mination of essential oils.’’ Two types are available: 
one for oils lighter than water, and one for oils heavier 
than water. This apparatus is official in both the 
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“United States Pharmacopoeia’ and the “National 
Formulary.’’ In the essential-oil industry, it is used 
extensively as such or in some slightly modified form. 
Typical of such commercial application is the practice 
of Fritzsche Brothers, Inc., of New York: before a 
botanical is distilled in their Clifton, New Jersey, plant, 
a determination of the volatile oil content is made, 
using the Clevenger apparatus; the quality of the re- 
sulting oil as well as the yield is thus established be- 
fore commercial production is undertaken. 

Most essential oils are obtained by steam distillation. 
Basically this is a process wherein two immiscible liquids 
are heated until the combined vapor pressure of the 
two components is equal to atmospheric pressure. A 
mixture of vapors then distills off and, after condensa- 
tion, separates intot he two immiscible liquid phases. 
Other complex factors are, of course, involved, such as 
hydro diffusion of the oil from the oil cells through the 
plant tissue into the water; partial solubility of the 
oils in the aqueous phase, etc. Using the Clevenger 
apparatus, the distillation waters are automatically 
cohobated, that is, returned to the still to be stripped 
of suspended and dissolved oil by further distillation. 
In most cases the botanical must first be reduced to a 
coarse powder to permit the more rapid distillation of 
the oil. The grinding should be done immediately 
prior to distillation to minimize the loss of the more 
volatile portions of the essential oil. 


QUICKIES 


(1) A single lumber match demonstrates (1) low 
kindling tip, (2) bulb burns even when blown, (3) de- 
structive distillation, (3a) burning of vapors with a 
flame, (4) burning of untreated crimped end, (4a) 
burning of a solid. 

(2) Saturated calcium acetate solution and ethyl 
alcohol, 5/45 by volume, form a jel that resembles 
Sterno. Both can be burned. 

(3) ‘Pass-around” samples for class purposes can 
be kept in transparent plastic boxes that once held 
cheese, etc. Wide-mouthed food jars from home make 
excellent and inexpensive gas-collecting jars. 


(4) A student is called to the front of the class. A 


non-disturbing quick push on the. shoulder illustrates 
the burning of gasoline-air mixture with a knock. A 
similar push, but with “follow-through,” illustrates 
the burning when catalyzed by tetraethy] lead. 


ELBERT C. WEAVER 
Phillips Academy, Andover, Massachusetts 


(5) Bunsen burners show the flame profile by scorch 
pictures. 
(6) Gas from one burner is carried in the hands to 


a lighted burner, ignited, and returned quickly to light 
the original source of gas. 

(7) A model bunsen burner made of glass shows 
flame structure, luminous flame, and strike-back. 

(8) Oil mixed with water quickly separates, but 
soluble oil mixes with water and forms a permanent 
emulsion. 

(9) Abobby pin (hair clip) heated and chilled slowly 
loses its temper. One heated and chilled by quenching 
in water becomes very hard and brittle. 

(10) A froth-flotation mixture makes a permanent 
exhibit. 

(11) Aluminum powder shows its hazard as a cause 
of dust explosion when sprinkled at a flame. 
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EXCHANGE 


Tus paper presents specific procedures for three 
experiments which may be employed for lecture dem- 
onstrations of ion exchange. 

Ion exchange is not a newly discovered phenomenon, 
having been first observed in approximately 1850 in 
soils. In about 1900, cation exchange was first applied 
to water treatment in the form of zeolite water soft- 
eners. This use is still the largest commercial use of ion 
exchange. In the last 15 years, however, owing to the 
development of improved ion exchangers, both anion 
and cation exchange have been applied to a number of 
problems in the chemical field. A number of papers 
have appeared describing such uses varying from 
laboratory analytical procedures to large plant-scale 
operations. 

It is felt that the increasing use of ion exchange and 
the diversity of problems to which it is applied warrant 
the inclusion of a description of the process in many 
chemistry courses. An arbitrary classification of vari- 
ous types of ion exchange is as follows: 


1. Removal reactions, exemplified by demineraliza- 
tion (6) of water or purification of various 
solutions such as raw sugar (4). 

Metathesis reactions, such as the production of 
colloidal silicic acid by exchange of sodium in 
sodium silicate solutions for hydrogen ions (7). 

Concentration, exemplified by the removal and 
recovery of metals from wastes (8, 1). 

Separations, such as the separation of rare earths, 
by ion-exchange chromatography (4). 

Catalysis, such as the use of hydrogen ion ex- 
changers for acid catalysts (3, 9). 


Many other specific uses as well as descriptions of ion 
exchangers and their operation can be found in the 
literature or in ion-exchange review books (6, 10). 

Ion exchange can be demonstrated by either equilib- 
rium or column operation. Column operation of ion 
exchangers is usually preferred. More efficient use of 
the exchanger’s capacity is obtained, and on an indus- 
trial scale, at least, the problem of handling the ma- 
terials is much less. 

The size of a laboratory or demonstration ion-ex- 
change column is not critical. A glass or polystyrene 
tube, 23 mm. in diameter and approximately 100 cm. 
long, is usually convenient. Such a column with a 200- 
ml. bed of ion exchanger is illustrated in the figure. 

Ion exchangers used in the bed should be of approxi- 
mately 20 to 50 mesh size (1 to 0.3 mm. in diameter). 
Regardless of the column dimensions, the ion-exchange 
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bed should not be too shallow or channelling of the 
flow and erratic exchange capacities may result. Flow 
rates with the illustrated column can be from 50 to 100 
ml. per minute. Similar space velocities should be used 
in most cases. The bed can be supported on a 60-mesh 
stainless steel or Monel screen held between two pieces 
of rubber tubing closely fitting the inside wall of the 
glass tube. A bed of clean fine gravel or a porous por- 
celain plate can also be used. 

The bed must be backwashed at the end of the run by 
passing water upflow through it to wash out dirt, loosen, 
and regrade it. The rate should be such that it is ex- 
panded 50 to 100 per cent. 

Replacement of the ions exchanged during the run by 
regeneration with a solution containing the ion desired 
on the exchanger is the next step. Regenerant dosages, 
concentrations, and flow rates are usually recommended 
by the manufacturer of the ion exchanger. Generally, 
however, a solution containing two or three times the 
amount of ion necessary to satisfy the exchange ca- 
pacity of the exchanger is proper. Weakly basic anion 
exchangers and weakly acidic cation exchangers are 
very efficiently regenerated with bases and acids, respec- 
tively, and in this case require very little over the 
theoretical amount of regenerant. Regenerant con- 
centrations of 5 to 10 per cent and a 30-minute contact 
time of regenerant with the bed are frequently used. 
Care should be taken that insoluble materials are not 
formed during the regeneration step. For example, 
when sulfuric acid is employed to remove calcium from a 
cation exchanger, about a 2 per cent solution should be 
used or CaSO, may precipitate in the bed. 

A rinse step is necessary after regeneration to remove 
the excess regenerant. 

Variations on the above apparatus are at times use- 
ful. For example, when gas is generated in the bed due 
to decomposition of carbonates the use of a flexible 
Tygon tube instead of glass allows gas pockets to be 
massaged out. The control of flows by the use of capil- 
lary tubes as orifices is also convenient. It is obvious 
that for processes requiring multiple beds, such as de- 
mineralization, two or more tubes may be operated in 
series. 

The first demonstration to be described is the zeolite 
softening of water. A cation exchange bed on the 
sodium cycle, 7. e., regenerated with a sodium salt, and 
about two liters of water containing a considerable 
amount of hardness (approximately 25 grains per gallon 
as CaCO; total hardness) are required. Any type of 
cation exchanger is suitable. 
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An approximate but convenient method for deter- 
mining water hardness in this experiment is the Boutron 
and Boudet test (2). The number of drops of a soap 
solution which must be added to 40 ml. of the sample to 
produce a lather when shaken in a bottle is a measure of 
thehardness. The solution is prepared by dissolving 40 
g. of castile soap in one liter of a solution of 50 per cent 
ethanol in distilled water, and decanting after the tur- 
bidity has settled. The solution is adjusted so that 2.4 
ml. produces a lather with 40 ml. of a 90-mg. per liter 
calcium solution. For testing, the soap is added drop- 
wise to 40 ml. of the water to be tested until a lather is 
obtained. Then, 


(No. of drops) —3 
6 


represents the approximate number of grains per gallon 
hardness as CaCO; (1 grain per gallon equals 17.1 parts 
per million). 

It will be noted, when the soap solution is added to 
hard water, that the typical calcium and magnesium 
soap precipitates are formed, and that a considerable 
amount of soap is required to produce a lather. 

After the hard water has been passed through the 
zeolite, another test with the Bouton and Boudet solu- 
tion shows that only approximately four drops are re- 
quired to produce a lather. The water is now soft, the 
calcium and magnesium having been exchanged for 
sodium. No precipitates can be found after the air 
bubbles have escaped from the test solution. 

The second demonstration to be described will rather 
strikingly illustrate several processes. Two columns, a 
strong acid cation exchanger on the hydrogen cycle and 
an anion exchanger on the hydroxy] cycle, are required. 
The cation exchanger must be of the organic type, for 
example, a sulfonated polystyrene material, such as 
Permutit Q, since inorganic exchangers will be de- 
stroyed by the acid regeneration required. It must also 
be stable toward oxidizing agents, such as chromic acid. 
The anion exchanger for this experiment must likewise 
be stable to chromic acid. A highly basic quaternary 
amine-polystyrene material, such as Permutit 8, is 
suitable. 

A solution of 0.12 g. per liter NasCr.O0;-2H,0 and 0.5 
g. per liter CuSO,-5H,0 in distilled water is prepared. 
Sufficient concentrated NH,OH is added to just redis- 
solve the Cu(OH), precipitate formed when the base is 
first added. A pleasantly colored bright green solution 
results from the blue of the cuprammonium complex 
and the yellow of the chromate. A conductivity meter 
= that the specific resistance is approximately 1000 
ohms. 

When this solution is passed through the cation-ex- 
change column, it undergoes a well-defined color change 
from green to yellow. The copper and other cations are 
exchanged for hydrogen ions leaving only chromic and 
sulfuric acids. The specific resistance is now 700 ohms, 
which is lower than before because of the greater mobil- 
ity of the hydrogen ion. 

This step in which cationic impurities are exchanged 
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for hydrogen ion illustrates the first step of the demin- 
eralization process for purifying water. It also demon- 
strates the recovery of copper from wastes (/). The 
concentration of copper in this solution is approximately 
0.13 g. per liter. If, after the bed was saturated with 
copper, it was regenerated with 1 N sulfuric acid, a solu- 
tion containing approximately 30 g. copper per liter 
could be obtained. The solution would be free of chro- 
mate, of course. 

The yellow chromate solution obtained from the cat- 
ion-exchange column now should be passed through 
the anion-exchange column. This illustrates the second 
step in demineralization wherein anion impurities are 
removed. The yellow chromate anion and the sulfate 
are exchanged for hydroxyl, leaving only pure water. 
The water now has no color and exhibits a specific re- 
sistance of approximately 50,000 ohms which is the 
same as that of distilled water. 

Chromate can be recovered in this manner from a 
plating waste, for example. The chromate would be 
eluted with a strong solution of a base, as a greatly 
concentrated solution of the chromate salt (8). 

The third experiment, which is best shown in con- 
junction with the preceding one, demonstrates the proc- 
ess of demineralizing a solution in a single column. 
The process uses the same exchangers described above 
and is essentially the same as the two-step operation, 
except that both the anion and cation exchangers are 
placed in the same column and mixed by shaking the 
tube. Approximately equal volumes of each material 
should be used. 

Passage of the green cuprammonium chromate solu- 
tion through the mixed bed will result in complete re- 
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moval of the anions and cations in one step instead of 
two. Extremely pure water can be produced by such a 
mixed bed owing to the multiple alternate contact with 
cation and anion exchangers. 

The cation and anion exchangers can be separated 
hydraulically for regeneration by backwashing since 
they are of different densities. The anion exchanger, 
having a lower density, will comprise the top layer and 
the cation exchanger the bottom. This operation is 
sometimes difficult to perform in a small tube, such as 
described heré. If this is the case, the mixed exchangers 
can be placed ina larger tube, having about a 5-cm. diam- 
eter, for separation. In a small tube it is most con- 
venient to remove the separated materials for individual 
regeneration. On an industrial scale the exchangers are 


Tue continued interest of teachers of chemistry in 
symposia on lecture demonstrations seems to indicate 
that Dr. Rakestraw’s introductory remarks before a 
similar gathering 22 years ago are still applicable (1), 
“The practice of lecture demonstrations bears the same 
relationship to the teaching of elementary chemistry 
that the experimental method in general bears to the 
science itself.. I can scarcely imagine proceeding with- 
out it.” It is not my intention to present any startlingly 
new or difficult experiments. Instead, I hope to use 
modifications of simple experiments to illustrate various 
methods for attracting and holding student interest 
in lecture demonstrations. 

From the popularity of certain types of radio and 
television shows, it is evident that audience interest is 
secured through audience participation in the show. 
Although it is not practical to use a group of 200 stu- 
dents as lecture assistants, it is still possible to invite all 
to participate in many types of experiments, particu- 
larly those involving the measurement of time. For 
example, consider the classical experiment on spon- 
taneous combustion, making use of filter paper dipped 
in a solution of yellow phosphorus and carbon di- 
sulfide. Added interest may be aroused by predicting 
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regenerated in the unit and are mixed by compressed 
air. 
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® SOME SUGGESTIONS FOR INCREASING 
INTEREST IN LECTURE DEMONSTRATIONS 


F. D. MARTIN 
Purdue University, West Lafayette, Indiana 


in advance the length of time needed for the paper to 
burst into flame and asking the students to snap fingers 
when they have measured this interval with their 
own watches. Other suitable experiments for this 
type of mass participation are the similar clock reac- 
tions (2, 3). After the initial run, taking about 62 
seconds as measured with the help of the students, 
another run is made with double concentration of one of 
the reactants. Before mixing the reagents, the students 
may be asked to predict the new reaction time and 
measure it as before with their own watches. The 
sudden appearance of the blue color, as the students 
snap their fingers at the end of 31 seconds, seems to 
give the audience more of a feeling of personal participa- 
tion than is possible when the instructor alone measures 
the time. 

Borrowing again from the field of amusement, the 
use of a helper selected from the audience seems to 
create added interest in lecture demonstrations. Here 
the author differs with the advice offered by Fowles: 
“Get promising members of the class to help with the 
experiment” (4). My own practice is to call on the least 
promising members of the class. This is not done with 


the idea of making the weaker student an object of 
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ridicule, but because such a student is Jess likely to 
anticipate the result of an experiment and hence ex- 
hibits, without coaching, the type of genuine astonish- 
ment which delights an audience. For example, an 
experiment described by Arthur (5) seems to attract 
more attention and create more discussion when per- 
formed as follows. After a discussion of the effect of 
temperature on the rate of reaction, the low tempera- 
ture of liquid air is demonstrated by one of the usual 
methods, such as holding a heavy weight on a hook 
formed from “frozen” rubber tubing. The question 
is then raised as to how fast a cigarette would burn 
after being “frozen” in liquid air. A “volunteer’’ is 
chosen for the test and is given a cigarette, the outer tip 
of which has been immersed for a few seconds in liquid 
air. The results usually surprise the class as much as 
the would-be smoker. No personal danger to the 
helper is likely as long as care is taken to choose a 
student wearing glasses and the usual sweater or 
T-shirt. 

This last experiment also illustrates the third method 
for arousing student interest, namely, “the man bites 
dog” surprise of an unexpected result. Time does not 
permit elaboration of this point, but I suggest that the 
conditions necessary for the prevention of ordinary 
combustion may be more forcefully illustrated by 
having a timorous student ‘“‘volunteer” to extinguish a 
lighted cigarette in a small beaker filled with gasoline in 
place of water. For those teachers who may hesitate 
to present an experiment in which gasoline is used as a 
fire extinguisher, it is possible to use one of the new 
fire retardant paints' to demonstrate the same prin- 
ciples. The application of a flame from a Bunsen 
burner to a piece of wood or cardboard covered with 
such a paint, causes the evolution of a gas which causes 
the paint to puff up, forming a thick layer of porous 
fire-resistant material. 

It has been said that: 


“A pompous word will stand you instead 
For that which will not go into the head.” 


As an example of pompous words which often ‘do not 
go into the head,” consider the use of the terms “hy- 
drophobic” and “hydrophilic” in the usual discussion 
of colloid chemistry. The average student is more 
likely to have his interest aroused if this topic is intro- 
duced by a simple experiment involving “dry water.” 
By sprinkling a hydrophobic powder? over the surface 
of water in a large beaker, a film may be built up which 
is sufficiently thick to prevent the wetting of a match 
or even the hand when dipped under the surface of the 
water. This is also the type of demonstration which 
attracts many “unbelievers” at the end of a lecture, 
anxious to try the experiment themselves. The action 


‘Samples from Albi Manufacturing Co., Inc., 29 Bartholomew 
Ave., Hartford 6, Connecticut. 

?Santocel C (Hydrophobic type) from Monsanto Chemical 
Co., Organic Chemical Division, St. Louis 4, Missouri, or 
hycopodium powder. 


of detergents in making “wetter water’ can also be 
illustrated by adding lycopodium powder to ordinary 
water. The immersion test shows that the powder is 
not wet by the water until one of the modern detergents 
is added to the water. 

In closing, I should like to call your attention to 
another method for attracting the interest of an audi- 
ence which seems to be very effective, to judge from 
the present craze for auto racing, on and off the high- 
ways. I refer to the chance of failure. Experiments 
seem to attract the interest of students when something 
seems to go wrong with the lecturer’s demonstration. 
This streak of mental sadism may be turned to useful 
scientific ends if the causes for the failure are discussed 
and the experiment repeated under more favorable 
conditions. For example, the spontaneous combustion 
of acetylene in chlorine may be carried out quite suc- 
cessfully by following the directions of Davison (6) 
or Fowles (7). But let us try the experiment under 
water, using a glass tube 3 ft. long, 2 in. in diameter. 
The tube is clamped in a vertical position, along with 
two inlet tubes running along the outside from a point 
above water level to the two-hole rubber stopper at the 
bottom of the reaction tube. The inlet tube carrying 
a mixture of air and chlorine ends in a small perforated 
glass bulb above the inside surface of the stopper; the 
other inlet tube, connected to a tank of acetylene, is 
bent in a half-circle after passing through the stopper 
so that its end is directly above the bubbles coming 
from the perforated bulb. With an excess of air 
practically no reaction occurs at the point where the gas 
bubbles mix. Failure of the reaction under these 
circumstances may be used to create the desirable 
“why” attitude and a call issued for suggestions from 
the students. Most of the students, after considering 
the equation 


+ Cl 2HCI + 2C 


seem to be able to suggest the use of undiluted chlo- 
rine in place of raw chlorine-air mixture. The better 
ones recall the activation of chlorine by light in a 
previous experiment on the*chain reaction between 
chlorine and hydrogen and suggest illumination. But 
only the very good students recall the relation between 
wave length and energy and propose what gives the 
most eye-catching results—illumination by ultraviolet 
light. 
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Tus demonstration consists simply of titrating 
VSO, solution with KMn0O, in sulfuric acid. All four 
valences of vanadium are seen in succession and the 
plus 2 and 7 states of manganese can be pointed out. 
Although the transition metals receive slight if any 
attention in most beginning courses the author has 
found it necessary to satisfy student curiosity about this 
large section of the table to some extent and has found 
that this illustration of the property of variable valence 
and colored ions (and oxy-ions) as characteristic of 
transition metals very useful. 

Apparatus and Materials. For the demonstration 
solutions of 1 M VSO, in 1 M H.SO, may be prepared 
simply by passing a sulfuric acid solution of VO;~ 
or VO+*+ through a Jones reductor. The purple VSO, 
solution may be stored indefinitely in the absence of 
air or with a little amalgamated zine in the storage 
flask. A saturated solution of KMnO, is placed in a 
buret and used to titrate a sample of VSO, solution in 
a beaker. An illuminating device is helpful for large 
classes. 

The procedure is simply to allow KMnQ, solution 
from a buret to pass gradually into a stirred solution 


I 


A demonstration which shows that one may expect 
two kinds of isomers in the laboratory synthesis of a 
compound containing one asymmetric carbon atom 
may be performed very simply with molecular models 
of the Sargent type. At least 15 students are each pre- 
sented with the same set of models. A set consists of a 
carbon-atom ball with four sticks inserted at tetrahedral 
angles, and of four other balls of different colors. Dif- 
ferent ball groups may be substituted for some of the 
colored balls. When all of the sets have been distrib- 
uted the students are told to make models of molecules 
by placing the four balls or groups at the ends of the 
sticks. These models are then passed to the lecture 
table and it is seen that there are two kinds of molecules 
which are mirror images of each other. The larger 
the number of molecules that can be made the greater 
the possibility of an equal distribution of isomers. 


COLORED IONS OF THE TRANSITION ELEMENTS 


MISCELLANEOUS EXPERIMENTS 


GILBERT P. HAIGHT, JR. 
The George Washington University, Washington, D. C. 


of VSO, and to observe the color changes. The 
solution in the beaker turns first from purple to emerald 
green characteristic of trivalent vanadium, then to a 
deep blue characteristic of the vanadyl (tetravalent) 
ion, then to yellow vanadate (pentavalent) ion. Fi- 
nally excess KMnO, gives the solution a sort of orange 
color (yellow and violet). Halfway between the four 
and five states of vanadium the solution may look green 
owing to a mixture of colors. The author points out 
that in the four- and five-valent states vanadium is 
associated with oxygen, a property common among 
higher valent ions of transition metals. He also points 
out that these oxy-ions may be either positive (vanadyl) 
or negative (vanadate). 

An alternative and faster procedure is to place some 
VSO, solution in the bottom of a buret and add dilute 
KMnOQ,. This gives a layer effect immediately, show- 
ing all the valences of vanadium one on top of the other. 
In presenting the demonstration it is wise to point out 
that the lower valence of manganese is colorless and so 
does not interfere with observations. 

The demonstration might just as well be used to 
illustrate oxidation-reduction as for the purpose stated. 


CHARLOTTE I. DAMEREL 
Wilson College, Chambersburg, Pennsylvania 


II 


The use of the most common of salts, sodium chloride, 
often seems to be avoided in demonstrating the conduc- 
tivity of fused salts, if one may judge from some labora- 
tory texts and from comments of some teachers of 
chemistry. Sodium chloride, however, may be melted 
in a porcelain crucible with the flame from a Bunsen 
burner if the gas pressure is good and if the quantity 
of sodium chloride is small compared to the size of the 
crucible. Our practice is to place a layer of sodium 
chloride a few millimeters thick in a No. 1 porcelain 
crucible and to heat the covered crucible in the hottest 
flame of a Bunsen or Tirrell burner. The salt melts 
in five to ten minutes. By the useof tongs the uncovered 
crucible containing the melt may be quickly raised to 
platinum electrodes (or any suitable electrodes) in an 
incandescent lamp bulb circuit, and the lamp glows 
brightly when the melt reaches the electrodes. 
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III 


Electrochemical galvanic cells similar in principle to 
the divided projection cell described by Meldrum! may 
be made by using a simple glass U-tube with the two 
arms separated at the bottom by a salt agar gel bridge. 
A U-tube of any desired size may be used, and projection 
is unnecessary unless the class is to observe an increase 
in concentration of a solution by the descending stream 
of liquid from an electrode. Throughout our general- 
chemistry course we show, as Meldrum describes, that 
many chemical reactions can be made to occur in these 
simple cells and that for each reaction the direction of 
electron flow can be determined by the direction of 


1Metprum, W. B., J. Cuem. Epuc., 25, 490 (1948). 
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needle deflection of a galvanometer in the circuit. 
The students first observe and record the direction of 
needle deflection of the lecture-table galvanometer when 
it is in a circuit with a dry cell where the polarity of the 
electrode connected to each terminal of the galvanom- 
eter is known. The repeated use of these gal- 
vanic cells makes the relation of electrons to 
chemical reactions much less theoretical than is 
obtained only from atomic structure and the writing 
of electronic equations. The students observe experi- 
ments which indicate not only that electrons are trans- 
ferred from one substance to another in many chemical 
reactions, but also that electrons are transferred in the 
direction that should be expected from a knowledge of 
the atomic structure of the elements. 


ROBERT STREBINGER 


Rosert STREBINGER, who for many years has been 
director of the Institut fiir analytische und anorganische 
Chemie at the Technische Hochschule in Vienna, was 
born on March 31, 1886. His father was a member of 
the Vienna Philharmonic Orchestra. After completing 
the courses at thé Technische Hochschule and the 
University, the young chemist continued his training at 
Briinn, where he was assistant for several years. Since 
he had decided to specialize in analytical chemistry, he 
returned to his native city as assistant to Georg Vort- 
mann (1854-1932), the noted founder of the Viennese 
school of analytical chemistry. Dr. Strebinger habili- 
tated in his chosen field at the Technische Hochschule in 
1920. 

At this time microchemistry was beginning to come 
to the front, and Strebinger foresaw that much of the 
development of analytical chemistry would be along 
these lines. He therefore went to Graz, the headquar- 
ters of the new movement, and became one of Pregl’s 
first students. Thoroughly imbued with the importance 
and potentialities of the new methodology, Strebinger 
henceforth devoted his energies almost entirely to this 
branch of analysis.. In 1922, while still a Privatdozent, 
he took the important step of founding the Zeitschrift 
fir Mikrochemie. He was its editor for 10 years. In 
1938 this valuable international journal was combined 
with Microchemica Acta; Professor Strebinger is still a 
member of the editorial board. 

In addition to more than 50 papers in this field he has 
published (with the collaboration of G. Klein) ‘“Fort- 
schritte der Mikrochemie in ihren verschiedenen An- 
wendungsgebieten’’ (Vienna, 1928). The application of 
microanalysis to the examination of art treasures goes 


RALPH E. OESPER 
University of Cincinnati, Cincinnati, Ohio 


back to him. This is his real speciality and he isa ree- 
ognized expert. His interest and wide knowledge of 
old and ancient art has been invaluable in his analytical 
studies of paintings, bronzes, etc. 

Whole generations of young chemists have profited 
from his competence as a teacher. His friendly attitude 
and obvious grasp of the subject matter have made him 
extremely popular with his students. He has published 
two textbooks: “Praktikum der qualitativen chemi- 
schen Analyse” and “Praktikum der quantitativen 
Analyse, I and II.’’ Both have been translated into 
several languages. He was the first to include crystal- 
line precipitations and the Feigl spot tests in the general 
instruction in qualitative analysis. The results have 
been most satisfactory. 

The laboratories at the Technische Hochschule (now 
University of Technology) were badly damaged during 
World War II. He, as dean (1945-47), rendered in- 
valuable services in both the reconstruction of the 
buildings and the reorganization of the courses. With 
the aid of the faithful few collaborators who had stayed 
in Vienna instruction was resumed, on a partial scale, as 
early as June, 1945. Most of the equipment had been 
scattered far and wide; he succeeded in recovering most 
of it. Notably, he got the electron microscope back 
from Salzburg. 

Professor Strebinger is an honorary member of the 
Gesellschaft fiir Natur und Technik and of the Oester- 
reichischer mikrochemischen Gesellschaft. He is Presi- 
dent of the Zweite Staatspriifungskommission fiir 
Chemie and a member of numerous scientific commit- 
tees, including the Oesterreichischen Codex Commis- 
sion. 


Awonca the theoretical physicists of the nineteenth 
century who made significant pioneering contributions 
to the then hotly debated field of atomistics, two men 
stand out particularly, the brilliant Clerk Maxwell 
of England and Ludwig Boltzmann of Austria. This 
paper gives a brief account of the life and achievements 
of the latter. 

Boltzmann, a temperamental, self-willed but never- 
theless deep-thinking personage, was born in humble 
surroundings at Vienna on February 20, 1844. His 
father, a minor customs official, was also a native 
Viennese, while his grandfather, a maker of time pieces 
which played a tune, came from Berlin, whither one 
of the earlier ancestors had migrated from K6nigsberg. 
Ludwig was only 15 when his father died, and his 
mother had to devote the last remnants of her small 
heritage to enable her highly gifted son to study physics 
at the University of Vienna. It quickly became evi- 
dent that the sacrifice had not been in vain, because 
the talents of young Boltzmann attracted the attention 
of Josef Stefan, director of the Physical Institute of 
the University, who, in 1867, appointed the newly 
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LUDWIG BOLTZMANN 


HANS THIRRING 
University of Vienna, Vienna, Austria 
(Translated by Ralph E. Oesper) 


fledged doctor to be his assistant. Another member 
of the staff was Josef Loschmidt,' to whom we owe 
the earliest numerical estimate of the number of mole- 
cules in a gram molecule, and whose name is commemo- 
rated in the so-called ‘Loschmidt number.” Though 
their ages differed by 20 years, he and Boltzmann soon 
cemented a cordial friendship, which perhaps laid 
the foundation of Boltzmann’s persistent interest 
in atomistics, a field which at that period was stumbling 
along in its childhood boots. 

Boltzmann’s first theoretical studies dealt with the 
relations between temperature and kinetic energy 
of the molecules and with the laws of their collisions, 
Although such considerations now are placed among 
the ABC’s of molecular heat theory, they were then 
regarded as pioneering achievements. They aroused 
the attention of the professional world and in 1869 
brought the young scholar, at the early age of 235, 
a call as professor of theoretical physics at the Univer- 
sity of Graz. From then on, his external existence 
was characterized by an almost continuous succession 
of moves, since he accepted calls to posts of ever- 
increasing honor, and in addition held guest lectures 
in the United States, a distinction of far more signifi- 
cance in the nineteenth century than at present. 
His various appointments were: Professor of Mathe- 
matics at the University of Vienna (1873); Professor 
of Physics and Director of the Physical Institute 
at Graz (1876); Professor of Theoretical Physics 
at Munich (1889); the same chair at Vienna (1894); 
guest lecturer at Clark University (1899); Leipzig 
(1900); and finally, from 1902 on, again at Vienna 
where, in addition to the chair of theoretical physics, 
he was also given the professorship of natural philos 
ophy. Unfortunately, his body and nervous system, 
which had been weakened by years of overwork, 
found the double burden too much. Extremely near- 
sighted, Boltzmann was attacked by severe head and 
nerve pains, which became constantly less bearable. 
He put an end to his sufierings by committing suicide 
on September 5, 1906. 

In his younger years Boltzmann pursued not only 
theoretical studies, which comprised his chief area o 
research, but also experimental investigations, which 
employed extremely ingenious methods originated by 
himself. It was not until his near-sightedness became 
a serious hindrance that he devoted himself entirely 
to theory. Stefan had discovered empirically the 
radiation law which states that the heat radiation 
of a black body is proportional to the fourth power 


1 Koun, M., J. Epvuc., 22, 381-4 (1945). 
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of the temperature. Boltzmann derived this relation- 
ship mathematically, a master stroke in itself, but 
fundamentally much more important were his pio- 
neering studies of a more general character concerning 
molecular statistics and those dealing with the molec- 
yar kinetic foundation of heat theory. At a time 
when radioactivity and X-ray analysis had not yet 
provided physicists with tangible proofs of the atomic 
structure of matter, Boltzmann was able to draw the 
teeth of the opponents of the atomic theory who 
had brought forth seemingly very cogent arguments 
against this doctrine. 

It is owing to him that the chief impediment to a 
general recognition of the molecular kinetic theory 
of heat was removed, and the way was then cleared 
for the stormy development which soon followed. 
The matter at issue was as follows: The idea that mat- 
ter has an atomic structure goes back to Democritus, 
but it was not until around 1800 that it was given a 
solid empirical footing in the form of the Daltonian 
law of constant and multiple proportions. It then 
began its gradual emergence from the state of pure 
speculation into that of a scientific theory. About the 
middle of the nineteenth century the important idea 
that heat is nothing but the energy of the invisible 
irregular motion of the individual atoms and mole- 
cules of bodies was put on a firmer foundation, particu- 
larly in view of the discovery of the law of the con- 
servation of energy. This idea, which is now accepted 
without question, was subjected to vigorous criti- 
cisms in the second half of the century; to many physi- 
cists the objections appeared valid enough to induce 
them to throw the whole molecular theory of heat 
overboard as useless and detrimental ballast. The 
objections consisted of the seemingly insoluble con- 
tradiction between the fundamental reversibility of 
all mechanical processes and the empirically demon- 
strated irreversibility of certain thermal processes. 
A priort, every mechanical process can proceed just 
as well in one direction as in the opposing direction. 
Accordingly, a solar system could. be imagined. in 
which the planets and their satellites revolve in a direc- 
tion opposite to that in which they travel in our own 
solar system. The case is quite different in thermal 
processes. Conduction of heat can fundamentally 
occur only in such manner that heat flows from warmer 
to colder objects—the reverse process, namely, the 
further heating of a warmer body at the expense of 
the heat content of a cooler one, never occurs spon- 
taneously through pure heat conduction; but instead— 
as in the case of a refrigerator—must be brought 
about artificially. The process of heat conduction 
as such is irreversible. Since, argued the opponents 


of the molecular theory of heat, there exists this basic 
difference between mechanical and thermal processes 
with respect to reversibility, heat phenomena cannot 
be ascribed to internal mechanical processes. 
The resolution of this contradiction, which is now 
generally familiar, seems to have dawned on several 
However, 


theoreticians at about the same _ time. 


sG + 


in the Zentralfriedhof, Vienna 


among these, Boltzmann had the most fundamental 
grasp of the problem, and in this connection set up 
the fundamentally important formula which constitutes 
the bridge between the concepts of thermodynamics 
and molecular statistics in that it provides a mathe- 
matical connection between a measureable physical 
thermodynamic quantity and one pertaining to molec- 
ular theory, a quantity which is not directly accessible 
to experimentation. 

The non-reversibility of such thermal processes, 
e. g., heat conduction, is not governed by a peculiar 
natural law of the type of the Newtonian gravitation 
law, but proceeds merely with a probability that borders 
on practical certainty, which is so large because the 
number of atoms in every visible object is so tremen- 
dous. Mechanical processes can also provide examples, 
which practically, but not fundamentally, proceed 
in only one direction. For example, if 1000 red marbles 
are placed in a sack and these are then carefully covered 
with 1000 blue marbles of the same size, and the entire 
mass is then thoroughly shaken, it is quite certain 
that the red and blue marbles will be completely mixed 
after a proper period. Never will the opposite occur, 
i. e., Shaking the uniform mixture never will produce 
the state in which all the red marbles are below and 
the blue ones above. Hence a tendency to attain 
states of higher probability will not only be observed 
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in heat phenomena but also in macroscopic mechanical 
processes if a sufficient number of individual bodies is 
involved. According to Boltzmann the innate natural 
tendency for temperature differences to even them- 
selves out—or, to use the terminology of thermody- 
namics, the tendency to increase entropy—is tantamount 
to the tendency of going from an improbable to more 
probable states. 

The mathematical relation between entropy and 
probability of a state is given by the Boltzmann for- 
mula previously mentioned: 


o =klogW 
in which o is the entropy, W represents a quantity 


related to the probability of the state, and k, the 
so-called Boltzmann constant, is the quotient between 
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the universal gas constant R and the Loschmidt 
number. 

This expression, which like other fundamental natural 
laws is included in the accepted tool chest of physicists 
throughout the world, has been carved above the name 
of Ludwig Boltzmann on his tombstone in the Zentral- 
friedhof in Vienna. However, it would be erroneous 
to believe that his contribution to the molecular theory 
of heat was limited to this immortal formula. Ip 
addition to this, Boltzmann laid the mathematica] 
bases for the statistics of molecular movements. These 
fundamentals were subsequently further developed 
and now constitute an essential component of the 
mental armament with whose aid man is gaining a 
constantly improved understanding and mastery of 
physical phenomena. 


RESEARCH FOR A DAY 


As THe alert, keen-thinking, high-school chemistry 
student progresses in his study of chemistry, quite 
often he finds certain topics of special interest—an 
interest which could easily find expression in the form 
of more involved experimentation than is possible in 
the average high-school chemistry laboratory. Not 
only are these students interested in performing experi- 
ments for which no equipment is available but quite 
often .they have ideas of their own—certain experi- 
ments that they would like to perform if the apparatus 
and chemicals were available. 

Realizing that the situation outlined above did exist, 
that here was the embryo stage of the scientist of tomor- 
row, and believing that something could be done about 
it, we initiated our “Research for a Day’ program. 
Students in the Memphis Public Schools who had com- 
pleted or were enrolled in a chemistry course were 
invited to spend a ‘‘day”’ in our laboratory performing 
any experiment they desired for which we had the 
chemicals and apparatus. For those who had no 
specific experiment in mind but were interested in 
doing something above the high-school level a list was 
prepared from which an experiment could be chosen. 

The writer has had the opportunity of observing 
student performance in high-school and college chem- 
istry laboratories for over a decade but has never 
observed a group which showed more interest and 
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enthusiasm than the junior and senior chemistry stu- 
dents from the Memphis Public High Schools as they 
performed experiments at the college level. 

In order to provide ample laboratory space and proper 
supervision, a day was arranged for each high-school 
class to visit our laboratories. One school which was 
unable to come during the school day came in the 
evening. Although the time available was somewhat 
shortened for this group they were able to complete 
their experiments satisfactorily. Instructors and stu- 
dent assistants were available to assist and supervise 
where needed. 

The experiments performed were quite varied, ranging 
over the entire field of chemistry—from using an ana 
lytical balance to the isolation of chlorophyll from green 
leaves. While some were fractionating crude petro 
leum others were preparing synthetic rubber. Several 
groups were interested in such experiments as preparing 
synthetic fibers, extraction of fat from nutmeg, acid 
base titrations, and electroanalysis. Even the mor 


common experiments such as the preparation of aspiril 
and making of soap from a vegetable fat came in for 
their share of interest. 

The enthusiastic response of students and teachers to 
this type of program has given “Research for a Day” 4 
permanent place on the calendar at Southwestern a 
Memphis. 
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SOURCES OF INFORMATION ON ULTRAVIOLET 


ABSORPTION SPECTROPHOTOMETRY 


Tus list was prepared to provide a guide to the 
sources of information on ultraviolet spectrophotometry. 
These sources are books, review articles, collections of 
data, and articles on instrumentation and technique. 
The names and addresses of various manufactures of 
instruments, cells, and accessory apparatus have been 
included, for these too are sources of information. 

The preparation of this list was started because of 
the many questions asked by visitors to the Stamford 
Research Laboratories while viewing and discussing 
the ultraviolet spectroscopic equipment. Questions 
such as ‘“‘What are some books on ultraviolet spectros- 
copy?” ‘Where can we find compilations of spectral 
data?” and “Where did you obtain this accessory or 
light source?”’ were most frequently asked. 

The inclusion of particular items in this list was 
done on the bases of the availability, practicality, and 
utility of these items to persons using ultraviolet 
spectrophotometry in industrial or academic labora- 
tories. The items are arranged only very roughly in 
order of usefulness. Such a list cannot be complete; 
it can only point out some of the major sources of 
more detailed information. Many of the books and 
articles mentioned have extensive bibliographies. A 
few comments are included after the items listed in 
order to give the reader some idea of their contents. 


BOOKS 


(1) Metton, M. G., Editor, “Analytical Absorption Spectros- 
copy,” John Wiley & Sons, Inc., New York, 1950 ($9). 
The most up-to-date text on analytical applications of ab- 
sorption spectroscopy. The chapters by K. S. Gibson 
(instruments) and E. I. Stearns (applications) are espe- 
cially good. 

(2) Harrison, G. R., R. C. Lorp, anv J. R. Loorsourow, 
“Practical Spectroscopy,” Prentice-Hall, Inc., New York, 
1948 ($6.75). Covers instruments, light sources. Chap- 
ters on Molecular Spectra and Structure (39 pp.) and Ab- 
sorption Spectrophotometry (62 pp.) are especially per- 
tinent. 

(3) Bropr, W. R., “Chemical Spectroscopy,” 2nd ed., John 
Wiley & Sons, Inc., New York ($8). Description of ap- 
paratus, methods, origins, and applications of both ab- 
sorption and emission spectra. Wave-length tables of 
elements, tables of chromophores, references. 

(4) Farkas, A., Editor, “Physical Chemistry of Hydrocar- 
bons,” Academic Press, Inc., New York, 1950, Vol. I 
($8.50). Chap. 4 by N. D. CoacrsHaLi on Optical 
Properties of Hydrocarbons, pp. 151-67, includes UV 
spectra, 50 references. Also Chap. 5 on Optical Methods 
of Hydrocarbon Analysis, pp. 201-14; Chap. 1 by G. W. 
WHELAND on Chemical Bond in Hydrocarbon Molecules; 
and Chap. 2 by M. H. Je.tiinexk on Molecular Structure 
as Determined by Spectroscopy and Electron and X-ray 
Diffraction. 
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American Cyanamid Company, Stamford, Connecti- 
cut 


(5) WeIssBeRGER, A., Editor, “Physical Methods of Organic 
Chemistry,” 2nd ed., Interscience Publishers, Inc., New 
York, 1946, Vol. II ($9.50). W. West, chapter on Spec- 
troscopy and Spectrophotometry, pp. 1242-396. Covers 
infrared, Raman, and visible spectroscopy as well as ultra- 
violet. General references. 

(6) WHELAND, G. W., Theory of Resonance,” John Wiley 
& Sons, Inc., New York, 1944 ($5). Theoretical. Chap- 
ter 6 on Resonance and Molecular Spectra. 

(7) Bert, W. G., Editor, “Physical Methods in Chemical 
Analysis,’”’ Academic Press, Inc., New York, 1950, Vol. 
1($12). Chapter by W. R. Broper on Spectrophotometry 
and Colorimetry. 

(8) Pearse, R. W. B., A. G. Gaypon, Identification 
of Molecular Spectra,” 2nd ed., John Wiley & Sons, Inc., 
New York, 1950. Tables of persistent band heads, and 
of individual band systems. Largely vapor absorption 
and discharge spectra of diatomic molecules. 

(9) Loruran, G. F., “Absorption Spectrophotometry,’”’ Hilger 
and Watts, Ltd., London, 1949 ($7.60) (order through 
Jarrell-Ash). Revision and extension of Twyman and 
Allsopp’s ‘‘The Practice of Absorption Spectrophotometry 
with Hilger Instruments.’”’ Principles, nomenclature, 
instruments, techniques, and applications. References. 

(10) Brancu, G. E. K., anp M. Catvin, ‘The Theory of Organic 
Chemistry,’”’ Prentice-Hall, Inc., New York, 1945 ($5.35). 
Part of Chapter 5, Physical properties, pp. 155-82, on 
color and UV spectra and molecular structure. Also 
Chapter 3 on Molecular structure, pp. 38-61. 

(11) Gras, T. R. P., Jr., “Optical Methods of Chemical Analy- 
sis,” McGraw-Hill Book Co., Inc., New York, 1942 
($5.50). Chapter 20n The Spectrophotometer. Instru- 
ments only. 

(12) Frrepet, R. A., anp M. Orcuin, “Ultraviolet Spectra of 
Aromatic Compounds,”’ John Wiley & Sons, Inc., New 
York, 1951 ($10). A collection of 579 absorption spectra, 
plotted as log molar extinction vs. wave length, well- 
indexed, largely of poly-ring aromatics. Loose-leaf, 36 
pp. of concise discussion. References. 


REVIEW AITICLES 

(1) Braups, E. A., “Ultraviolet light absorption and the struc- 
ture of organic compounds,” Ann. Repts. on Progress Chem. 
(Chem. Soc. London), 42, 105-30 (1946). An excellent 
compilation of data on spectra and structure; 15 tables 
of compounds and absorption maxima, and about 350 
references. Considerable discussion. 

(2) Ferauson, L. N., ‘Relationships between absorption spec- 
tra and chemical constitution of organic molecules,” 
Chem. Revs., 43, 385-446 (1948). Discussion of spectra- 
structure correlations, 8 tables of spectra of typical mole- 
cules, 312 references. (Reprint supply exhausted. ) 

(3) Sponer, H., anp E. Teter, “Electronic spectra of poly- 
atomic molecules,”’ Revs. Modern Phys., 13, 67-170 (1941). 
30 pp. of theory, 18 pp. of applications to observed spec- 
tra. An excellent tabulation of 41 pp. of spectral data 
on 296 molecules. 231 references. (No reprints, but back 
issue costs $1.20 from American Institute of Physics. ) 

(4) American Petroleum Institute, Research Project 44 Natl. 
Bur. Standards. Catalogue of ultraviolet spectrograms, 
largely of hydrocarbons. Plotted as absorbance (optical 
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density) vs. wave length rather than specific or molar 
extinctions (absorptivities ). 

(5) Metion, M. G., “Light absorption spectrometry,” Anal. 
Chem., 21, 3 (1949); 22,2 (1950); 23, 2 (1951); 24, 2(1952). 
RoseNBAU M,E.J J., “Ultraviolet absorption spectrophotom- 
etry,” ibid., 21, 16 (1949); 22, 14 (1950); 23 12 (1951); 
24, 14 (1952). 

(6) Jones, R. Norman, “Ultraviolet absorption spectra of aro- 
matic hydrocarbons,” Chem. Revs., 32, 1-46 (1943). 
Review to mid-1942. References to spectra of 370 hydro- 
carbons. Emphasis on poly-ring compounds. 

(7) Anstow, Giapys A., “Ultraviolet spectra of biologically im- 
portant molecules,” J. Applied Phys., 16, 41-9 (1945). 
Includes spectra of vitamins, steroids, and proteins; dis- 
cusses photolysis. 

(8) “International Critical Tables,’ Vol. V. Over 3000 organic 
compounds, covering data to 1926. 

(9) Piart, J. R., anp H. B. Kievens, “Spectroscopy of organic 
in the vaeuum ultraviolet,” Revs. Modern 
Phys., 16, 182 (1944). Bibliography, tables of spectra 
below 2000 (Bands of these compounds which occur 
above 2000 are also listed.) 

(10) McMurry, H. L., “Long wavelength spectra of aldehydes 
and ketones” (saturated and conjugated), J. Chem. 
Phys., 9, 231, 241 (1941). Tables, references. 

(11) List “Bimet A,” “Bibliography of Analytical Methods; Fil- 
ter Photometers and Spectrophotometers,’’ Central 
Scientific Co., 1700 Irving Park Blvd., Chicago, Il]. List 
of articles on analytical applications of filter photometers 
and spectrophotometers, through 1947. Free on request. 


MISCELLANEOUS ARTICLES 


(1) Kuorz, I. M., “Ultraviolet absorption spectroscopy,” J. 
Cuem. Epuc., 22, 328-36 (1945). Brief description of the 
nature and origin of UV spectra and some structure and 
analytical applications. 54 references. 
(2) Fuexer, L. A., L. P. Hammett, anp A. Dinawa ‘“‘Deter- 
mination of ionization by ultraviolet spectrophotometry: : 
Its validity and its application to the measurement of very 
weak bases,” J. Am. Chem. Soc., 57, 2103 (1935). 
(3) Piatt, Joun R., “Isoconjugate spectra and variconjugate 
sequences,” J. Chem. Phys., 19, 101 (1951). Interpretation 
of UV absorption spectra; general laws of spectra of or- 
ganic molecules. References for the many spectra cited 
in examples. 
(4) Maccott, A., “Color and constitution,” Quart. Revs. Chem. 
Soc. London, 1, 16-58 (1947). Theory. 
(5) Jones, R. Norman, “Ultraviolet absorption spectra of an- 
thracene derivatives,’ Chem. Revs., 41, 353 (1947). 20 
compounds, 17 references, on anthracene derivatives. 
(This issue of Chem. Revs. contains the papers presented at 
the Symposium on Color and the Electronic Structure of 
Complex Molecules, held in Chicago, December, 1946.) 
(6) Ayres, G. H., “Evaluation of accuracy in photometric 
analysis,’ Anal. Chem., 21, 652 (1949). Concerned with 
visible spectrophotometry and colorimetry, but generally 
applicable to ultraviolet absorption. 
(7) W. A., P. E. Witcox, K. N. TrueBLoop, AND 
A. O. DEKKER, Anal. Chem., 23, 1740 (1951). Data and 
curves on 135 compounds containing nitrogen as amine, 
amide, or nitro forms. 


INSTRUMENTATION AND TECHNIQUE 


(1) Cary, H. H., anp A. O. Beckman, ‘“‘A quartz photoelectric 
spectrophotometer,” J. Optical Soc. Am., 31, 682-9 
(1941). A description of the Beckman spectrophotom- 
eter. Available from Beckman Instruments, Inc., as 
Bulletin No. 144. 

(2) Gipson, K. S., “Spectrophotometry: 200 to 1000 milli- 
microns,’ Natl. Bur. Standards, Circular 484, 1949. 
Covers instruments, principles, errors (instrumental, 
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temperature, stray light, ete.), standard data. 127 refer. 
ences. No tables or spectra. 

(3) ABBorTT, Roru, “Ultraviolet spectrophotometric tech. 
niques,” Applied Spectroscopy, 4, No. 1, ¢ Jetober, 


1948. Detailed discussion of sample preparation, jn. 
strument and cell care, precautions, errors, solvents, 
data. (Available from Beckman Instruments, Ine.) 

(4) Bropg, W. R., “Presentation of absorption spectra data” 
J. Optical Soc. Am., 39, 1022 (1949). Recomme »ndations 
for nomenclature and data presentation. 

(5) Kievens, H. B., anno J. R. Peart, “Ultraviolet transmission 
limits of some liquids and solids,” J. Am. Chem. Soc., 6, 
3055 (1947). Tables of the short wave-length limits of 
some useful optical materials and solvents. 

(6) Ew1ne, G. W., ano T. Parsons, Jr., ‘“Intercomparison of 
Beckman spectrophotometers,’’ Anal. Chem., 20, 423 
(1948). Comparative study of 10 instruments using 
potassium acid phthalate as standard reference material, 

(7) Harpy, A. C., ano F. M. Youna, “In defense of Beer's 
law,” J. Optical Soc. Am., 38, 854-8 (1948). Validity of 
Beer’s law, and application to analysis of multi-component 
systems. 

(8) Lowry, O. H., ano O. A. Bessey, J. Biol. Chem., 16, 633 
(1946). Use of “micro” cells with 10-mm. light path and 
very smal] samples. (Cells available from Pyrocell.) 

(9) Grpson, K.S., anp M. M. Batcom, “‘Transmission measure- 
ments with the Beckman Quartz Spectrophotometer,” 
J. Res. Natl. Bur. Standards, 38, 601 (1947) (RP1798). 

(10) Guasser, L. G., “Ultraviolet method of continuous gas 
analysis,”’ J. Electrochem. Soc., 97, 201C (1950). 


MANUFACTURERS 


(1) Beckman Instruments, Inc. (formerly National Technical 
Laboratories), South Pasadena, Calif. New York office: 
1114 First Ave., New York 21, N. Y. Manufacturers of 
Beckman Spectrophotometers and accessories, flame 
photometers, reflectance and fluorescence attachments, 
Corex and fused quartz absorption cells, etc. Several 
bulletins available on accessories and techniques. 

(2) Applied Physics Corp., 362 W. Colorado St., Pasadena |, 
Calif. Manufacturer of Cary Automatic Recording Spee- 
trophotometer, for visible and UV regions. 

(3) Pyrocell Manufacturing Co., 207 E. 84th St., New York 28, 
N. Y. Manufacturer of quartz absorption cells to fit 
Cary and Beckman instruments, and of precision quart: 
inserts for light-path lengths of less than 1 mm. Also 
special cells made to order. 

(4) A. G. Nester, The Bartol Foundation, Swarthmore, Pa 
Manufacturer of a high-intensity, water-cooled hydrogen 
discharge lamp to fit Beckman and Cary spectrophotom- 
eters. 

(5) American Instrument Co., Silver Spring, Md. New York 
office: 30 Church St. Pyrex, Corex, and quartz ab- 
sorption cells. 

(6) Fisher Scientific Co., 717 Forbes St., Pittsburgh 19, Pa. 
Eimer and Amend, Greenwich and Morton Sts., New 
York 14, N. Y. 
ments. Power supply for Beckman DU (automatic bat 
tery charging and voltage regulation). 

(7) Jarrell-Ash Co., 165 Newbury St., Boston, Mass. Americal 
suppliers of Hilger instruments, micrometer Baly cell 
and Hilger publications. 

(8) Hanovia Chemical and Manufacturing Co., 233 New Jersey 
Railroad Ave., Newark 5, N. J. Mercury light sources 
special fused quartz cells, and quartz containers. 

(9) Phoenix Precision Instrument Co., 3803 North Fifth St. 
Philadelphia 40, Pa. Fused and demountable quart! 
cells. 

(10) Fischer and Porter Co., 


Hatboro, Pa. Fused and de 


mountable Corex and Pyrex cells. 

(11) Farrand Optical Co., Bronx Blvd. and E. 238th St., Ne 
York 66, N. Y. Monochromators, spectrometers, inte 
ference filters, photometers. 


Sales and repairs on Beckman instr} 
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(12) Microchemical Specialties Co., 1834 University Ave., 
Berkeley 3, Calif. Capillary cells for very small samples, 
with special adapter for Beckman instrument. 
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Ohio. Manufacturers of ‘““HI-MEG”’ sealed-in resistors 
of 2000, 5000, and 10,000 megohms which may be used 
in the Beckman iffstrument’s amplifier for higher sensi- 


(13) Victoreen Instrument Co., 5806 Hough Av., Cleveland 3, tivity. 
THE STUDENT AFFILIATE CHAPTER AT BOSTON UNIVERSITY 
ARNO HEYN 


AN UNDERGRADUATE chemistry club, ‘‘Chemia,”’ pre- 
ceded the Student Affiliate Chapter. Now the activi- 
ties of the Student Affiliate Chapter and ‘“‘Chemia”’ are 
combined. Frequently the membership of student 
organizations consists chiefly of upper classmen. 
Though the officers in the combined Chemia and Chap- 
ter are usually juniors or seniors, freshman and sopho- 
mores attend meetings and are encouraged to do so. 

The organization of the combined chapter and club 
follows the conventional models: the officers, consist- 
ing of president, vice-president, secretary, and treas- 
urer, and also the faculty advisor, are elected by the 
members at the annual meeting in May. The slate 
submitted by a nominating committee is usually 
supplemented by nominations from the floor so that 
there is competition for office. 

Business at meetings is kept at a minimum to permit 
adequate time for the planned program. Meetings 
are held between 12:00 and 1:00 at a time when there 
is least interference with classes. The attractive 
science lecture room, complete with projection and 
sound-film equipment is at the disposal of this group. 
There are one or two meetings each month depending 
on the availability of speakers. The Northeastern 
Section through its Speakers’ Bureau has been very 
helpful in locating good speakers for meetings. Those 
talks which have been delivered at a fairly high level 
without “talking down” to the students have been the 
most successfulones. Such subjects as: atomic energy, 
metal hydrides, chemistry of odors and flavors, philoso- 
phy and the scientific method, the chemical corps, and 
many other equally diversified topics have been pre- 
sented by speakers both from industry and faculty, 
mostly of other institutions. At times, films of inter- 
est to chemistry students have been shown. Though 
meetings are the chief activity of the combined chapter 
and chemistry club there are also other functions and 
projects. At least once a year a plant trip is arranged. 


Each spring after the completion of the final examina- 
tions, an outing is held at which a softball game gives 
the undergraduate students a chance to compete with 
the faculty and graduate students. 

An annual project is the distribution of chemistry 
handbooks to members at cost and tc nonmembers at a 
mark-up, which still is less than the book store price. 


Boston University, Boston, Massachusetts 


Another project, also supported by other science 
clubs on the campus, is the publication “Scientia” 
which appears approximately monthly. This publica- 
tion is edited by undergraduate students. The editor- 
in-chief is selected by the presidents of the various 
science clubs. News about students and faculty, 
biographical notes concerning faculty members, reports 
on research in progress, and contributed articles con- 
stitute the contents of “Scientia.”. The mailing list 
includes numerous science alumni. 

As a member of the Intercollegiate Chemical Society, 
the Boston University Student Affiliate Chapter and 
Chemia Club participate also in the activities of the 
“1.C.8.” The I. C. 8S. was organized a few years ago 
by most of the student affiliate chapters and chemistry 
clubs in the Boston area. Four or five meetings are 
held annually with talks and demonstrations by some of 
the better known chemists in the Boston area. There 
is also an annual banquet and an outing. During the 
recent Boston meeting of the A. C. 8. the Intercollegiate 
Chemical Society sponsored one of the regularly sched- 
uled social events, a lecture by Dr. George Wald of 
Harvard Medical School on the chemistry of vision. 
This talk was followed by a social get-together over 
coffee and doughnuts. (cf. Chem. and Eng. News, 29, 
1732 (April 30, 1951). 

Any student affiliate chapter is faced with certain 
problems. The chief problem at Boston University is 
probably that of encouraging membership in the chap- 
ter. Because of the dual nature of the organization, 
even those students who are not student affiliates can 
join in all activities. As a consequence there is less 
incentive in becoming a student affiliate. Another prob- 
lem is that of assuring speakers a sufficiently large 
audience. This appears to be a general problem in the 
Boston area and results from the very large number of 
events taking place at all times, making it impossible 
to attend all meetings which should be attended, ap- 
parently even on the student level. More critical 
selection of topics and speakers has improved the 
attendance markedly in the last two years. In the last 
analysis, the success of any organization is due to the 
interest of the members which will be reflected in the 
enthusiasm and enterprise of the officers and the amount. 
of planning which precedes events. 
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Tue need for economy in thought gave rise to the 
age-old attempt to ascribe the multiform being and 
action of the external world to a single cause or origi- 
nator or primordial substance. This monism has been 
termed “the innate disease of the philosophers.”’” The 
tendency to connect genetically every single creation 
in chemistry, every new discovery of materials, 
methods, reactions, ideas, theories, etc., to one definite 
discoverer’s name has also become determinative for 
the historical presentation of the development of chem- 
ical knowledge. Traditionally, this ascription is re- 
garded as the normal or natural expression of the “dis- 
covery” complex. Consequently, any case in which 
two or more discoverers have independently and simul- 
taneously accomplished the creative feat has come to be 
viewed as a remarkable or unusual mental act; it is ex- 
pressly designated as a duplexity (or multiplicity) of 
the events. The chemical historian is thus forced to 
face the question: Is duplexity so rare that it may be 
looked on as the abnormal case, and—vice versa—are 
the proofs for the ‘normal’ case, in which the discovery 
is assigned to a single discoverer, definite enough; or is 
the particular instance merely another of the frequent 
examples of duplexity or repetition that occur at cer- 
tain time intervals? Can it be that duplexity should 
be viewed as natural and normal, whereas singularity, 
or the relating of a discovery to a single person, should 
be considered a limited, forced case? 


II 


“Who is the discoverer of a material?” This funda- 
mental question is put by Willstatter,! who then gives 
the response originally derived from Emil Fischer: 
“The isolation in the pure state and the definition by 
analysis are the premises on which the claim for a chem- 
ical discovery can be based. Both conditions must be 
met to guarantee the certainty of a discovery.”” Most 
chemists will agree with this statement. However, 
this acceptance does not preclude giving due consider- 
ation to the contributions of the predecessors, since 
for them in turn it likewise ‘is always possible to find 
forerunners and previous studies.’”’ This genealogical 
chaining is particularly true in the field of natural 
science, because the history of science covers such a 
long span. If the discoverer makes claims with 
respect to practical uses he must also include technical 
methods of procedure. Any valid claim regarding the 
discovery of a new chemical element must certainly 


1 WILLSTATTER, R., “Aus meinem Leben,”’ 1949, pp. 180 ff. 


* THE PROBLEM OF DUPLICATION IN THE 
HISTORY OF CHEMICAL DISCOVERIES 


PAUL WALDEN 
Tiibingen-Gammertingen, Germany 
(Translated by Ralph E. Oesper) 


include preparation in pure form and proof of the ele- 
mentary nature of the material. 

The chemical-historical data regarding several ma- 
terials will be presented here with the view of testing 
the extent to which the foregoing principles are appli- 
cable to the instances. The two examples represent 
notable materials, namely alcohol and ether. They 
were selected because of their historical interest and 
also because they have long played significant roles in 
both cultural and economic history. 

Who discovered alcohol? Certainly not the Arabs, 
as is so often stated. Alcoholic (fermented) fruit 
juices were known as a special material by the ancient 
nomadic peoples; vineyards were cultivated in Egypt 
as early as 3000 B.c., and the practice was carried via 
Crete and Greece into southern Italy. Here about the 
eleventh century of the Christian era unknown tech- 
nical workers or physicians made the remarkable dis- 
covery that when strong wine is distilled, its real essence 
is driven out as spiritus vini and can be collected in ma- 
terial form in the aqua ardens. Through the medical 
school at Salerno, this product became famous as a 
remedy, which in the succeeding centuries was widely 
employed as a remedy against the plague epidemics, 
and also as a preventitive. The designation alcohol 
vini exsiccati or correcti or distillatum was coined by 
Paracelsus? and came into use after 1526. The earli- 
est physical characterization of this alcohol was given 
by Boyle, who in 1690* stated its density as 0.866, 
(which corresponds roughly to 70 per cent C,H;OH). 
Lavoisier furnished the first chemical analysis (1784 ff.); 
though his figure for carbon was only 28.5 per cent 
(theory 52.2 per cent C). Water-free, i. e., pure alcohol 
was not produced until 1796, when it was described by 
Tobias Lowitz‘ and also by J. B. Richter, who referred 
to it as “absolute alcohol.” The first accurate analyses 
of pure alcohol were made by Avogadro (1821) and 
Gaudin,® who also set up the formula C.H,O. 

Who was the discoverer of ether? It is generally 
stated that this substance was discovered in 1540 by 
Valerius Cordus.* Working in an apothecary’s shop, 
he heated a mixture of equal parts of alcohol and sul- 


2 Paracelsus’ Werke, Ausgabe Sudhoff, 3, 313; 4, 341, 352; 
5, 192, 198, 219, 226, 259, 264, 358. 

3 Borie, R., ‘‘Hydrostatics, Applied to Materia Medica,” 
London, 1690. 

4 Lowrrz, T., Crells Chem. Journal, 1796, 145. 

5 Gaupin, A. M., Ann. chim. phys. [2] 52, 113 (1833). 

6 Meyer, E. v., ‘History of Chemistry,’’ New York, 1906, p. 
104. 
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furic acid on a sand bath and obtained a “fatty oil.” 
In view of the procedure employed (no temperature 
regulation or cooling arrangement for the ether, b. p. 
34.5°) and the stated properties of this olewm vitrioli 
dulce verum, it is quite likely that the product was not 
ether but rather a sulfuric ester mixed with ether, 
alcohol, etc. It was not until 1730 that Frobenius 
described a procedure for producing the real spiritus 
aethereus. After Valentin Rose had shown (1800) that 
this ether (also called spiritus vini vitriolatus or ‘‘sulfuric 
ether’) contained no sulfur, a finding which was con- 
trary to the general impression, the material was ana- 
lyzed first by Avogadro in 1821 and then by Gaudin in 
1833.7. The latter arrived at the correct empirical for- 
mula, CsHwO. This succession of facts leaves the 
identity of the real discoverers of alcohol and ether an 
open question, to say the least. 


III 


Benzene presents another example of uncertainty 
in accreditation. The discovery of this compound is 
usually credited to Michael Faraday,’ who studied the 
liquid which had deposited in a cylinder of compressed 
oil gas. He found that this volatile liquid, which boiled 
around 80°C., had the composition C,H (C = 6). 
Accordingly, he named it “bicarburet of hydrogen.” 
This compound stood as a lonely stranger; what was 
its origin? had it any value? The aromatic gums and 
balsams, which had long been used in the Orient, in- 
cluded benzoin. The occidental chemists of the Middle 
Ages knew that when this gum is sublimed it yields 
“flowers of benzoin,” 7. e., benzoic acid. This acid was 
prepared (1775) by Scheele who boiled benzoin with 
milk of lime and then decomposed the resulting cal- 
cium salt by adding hydrochloric acid. A nice du- 
plexity arose when Liebig and Wohler” studied this 
acid from the chemical-genetic standpoint and deter- 
mined its composition, while at the same time both 
Mitscherlich'! in Berlin and Peligot!? in Paris sub- 
jected its calcium salt to distillation. They obtained 
a liquid, which Mitscherlich particularly studied. 
Because of its origin he named it benzine, a term which 
Liebig at once changed to benzol. Analysis indicated 
the composition CH (C = 12), and the vapor density 
yielded the formula CsH,. In other words, Faraday’s 
hydrocarbon had been rediscovered. Mitscherlich 
furthermore determined the chemical reactivity of his 
product and prepared nitrobenzene, azobenzene, ben- 
zenesulfonic acid, hexachlorobenzene, etc. 

In 1834 Runge" found that among the products 
obtained when coal tar is distilled was a base “‘cyanol’”’ 


7 Gauptn, A. M., loc. cit. 

8 Farapay, M., Phil. Trans., 1825, 440. 
GRAEBE, C., ‘Geschichte der organischen Chemie,” 1920, p 

 LresiG, J., AND F. W6uLER, Ann., 3, 247 (1832). 

1! Mrrscuerticu, E., Ann. chim. phys. [2] 55, 46 (1833); 
Berlin Akademie Berichte, 1835. ; 

E. M., ibid., [2] 56, 59 (1833). 

8 Runes, F. F., Pogg. Ann., 31, 63, 315, 498; 32, 308 (1834). 
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which yielded a violet color with chloride of lime.'* He 
also isolated a ‘‘carbon oil acid” ( = carbolic acid) which 
had antiseptic properties. Laurent prepared the latter 
in pure condition in 1841, found that its composition 
corresponded to CsH,O, and called it acide phenique, 
which was rechristened “phenol” by Gerhardt. It 
later was found that the base “crystallin,” previously 
obtained by Unverdorben™ through the distillation of 
indigo, and likewise Fritzsche’s'® “aniline,” which the 
latter obtained by distilling indigo ( = anil) with potash 
lye, and the “benzidam”’ prepared (1841) by Zinin” 
through the reduction of nitrobenzene were all identical, 
not only with each other but also with Runge’s “‘cy- 
anol.”” The proof of this identity was established in 
1843 by Hofmann." Along with the untangling of 
this particular ‘multiplicity of phenomena’? Hofmann 
observed the formation of a red coloring matter when 
aniline oils were oxidized, and in 1845 he" succeeded 
in isolating the parent material benzene from the coal 
tar itself. 

It is now necessary to go back several centuries to 
Glauber (1604-70). In his ‘“Furni novi _philo- 
sophici””’ he gave the earliest description of the dis- 
tillation of coal or the fractional distillation of coal tar, 
whereby he used his spiritus salis fumans (HCl) for the 
purification (z. e., separation of the basic products). 
After running off the “acid water... .you can first of 
all separately collect the purest part, which is not infe- 
rior to oleo petri with respect to warmth, delicacy and 
pleasingness.”” Here we have probably the first refer- 
ence to crude benzene. There then comes over... .“‘a 
fiery and blood red oleum, which powerfully dries up 
and heals all moist ulcers’’— a clear early reference to 
the antiseptic action of Runge’s carbolic acid, which 
was introduced into medical practice by Lister in 1861. 

In 1856 W. H. Perkin, only 18 years old, was trying 
to prepare quinine by the oxidation of the aniline bases. 
Instead he discovered the artificial dyestuff mauve and 
so became the founder of a chemical empire. Perhaps 
it is proper to apply also to this discovery the statement 
which H. Kolbe made with reference to Woéhler’s prep- 
aration of urea: ‘‘Wohler set out, like Saul, the son of 
Kish, to seek the asses of his father and found a king- 
dom.” Was Perkin the first discoverer? Did not 
duplexity play a part here also? As early as 1834 
F. F. Runge had produced blue-violet and black dyes 
by oxidation of aniline, and Hofmann in 1843 had like- 


14 The story goes that the discovery of this first aniline dye was 
purely accidental. Runge, a great lover of flowers, was enraged 
when his fine garden was visited by dogs. He enclosed the plot 
with freshly tarred planks and scattered bleaching powder along 
them to discourage the canine visitors. To his amazement, the 
next morning the planks were colored blue. Norttina, E., Ber., 
49, 1774 (1916). Se non 2 vero, 2 ben trovato. 

1 UNVERDORBEN, O., Pogg. Ann., 8, 397 (1826). 

16 FRITZSCHE, Ann., 36, 84; 39, 76 (1841). 

" Zintn, N., ibid., 44, 283 (1842). 

18 Hormann, A. W., ibid., 47, 37, 73 (1843). 

19 Hormann, A. W., ibid., 55, 200 (1845). 

20 GiauBER, J. R., “Furni novi philosophici,’”’ 1649, Vol. II, 
p. 71; compare also “Opera omnia,” 1658, Vol. I, p. 109. 
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wise paid no serious attention to his red aniline dye 
(vide supra). 

The essence of the chemical discovery of a new mate- 
rial obviously includes a series of previous chemical 
deliberations and studies of the chemical changes under- 
gone by various substances. There are two kinds of 
creative acts. The first involves the isolation of a 
ready-made material that is presented to the discoverer 
by pure chance and allowed by him to remain “‘as the 
great unknown” without further investigation (e. g., the 
C,H, hydrocarbon of Faraday). The second involves 
a progression that comprises a spontaneous study of 
the chemical transformations of a known material, the 
discovery of new reaction products, and the character- 
ization of their chemical behavior by the preparation 
of derivatives—. e., the creation of a new “chemical 
family ” whose individual members and their prepara- 
tive production are reproducible (e. g , benzene and its 
derivatives by Mitscherlich). If the heuristic signifi- 
cance of the preparation of benzene is also considered,?! 
it seems a fair question whether Mitscherlich should not 
be regarded as the real discoverer and also the first 
actual investigator of the compound, which indeed 
owes its name to him. 


IV 


With respect to the chronicle of the discovery of 
the chemical elements, it must be pointed out first of all 
that the discoverers of the (impure) earth and metal 
oxides have frequently been credited with the discovery 
of the elements themselves. Chlorine provides a good 
example of this illogical procedure. It is commonly 
stated that the element was discovered by C. W. Scheele 
in 1774. However, because of his primitive equipment 
the product he collected from the reaction of manganese 
dioxide and hydrochloric acid could not have been any- 
thing more than a mixture of “dephlogisticated muri- 
atic acid” and air, and his qualitative study of its 
properties must have referred to this impure gas. The 
extended and more exact study remained for others. 
Was the gas an element? According to Lavoisier’s 
theory of acids, the original acid as well as the dephlogis- 
ticated muriatic acid contained oxygen, and conse- 
quently the latter was quickly renamed “‘oxidized 
muriatic acid.” The elementary nature of the gas was 
established by the careful work of Gay-Lussae and 
Thenard, and especially by the studies of Davy, who 
showed that there was no oxygen in the gas for which he 
now suggested the name “‘chlorine.”?? Nevertheless, 
Berzelius retained the older view as late as 1823, and it 
was not until 1824 that Wohler, during his stay in 
Berzelius’ laboratory, heard the great Swedish master 
admonish his factotum: “Listen, Anna, you must not 
say ‘oxidized hydrochloric acid’ anymore, but instead 
‘chlorine’: that is better.’’2* 

21 The technical production of benzene from tar oil was begun 
only in 1849 by Mansfield. 

22 Davy, H., Bakerian Lecture delivered July 12, 1810, 15, XI 
(1810); compare Phil. Trans., 100, 231 (1810), and lecture de- 
livered February 21, 1811. 

23 cf. WOHLER, F., Ber., 8, 838 (1875). 
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The following instances may be mentioned from 
among the great number of typical cases of duplexity 
in chemical discoveries: the gas law of Boyle (1662) 
and Mariotte (1676); the discovery of oxygen by Priest. 
ley (1774) and Scheele (1771); the discovery of cerium 
by Klaproth (1803) and Berzelius (1803); the theory 
of Avogadro (1811) and Ampére (1814); the discovery 
of chloroform by Liebig (1831), Soubeiran (1831), and 
Guthrie; the law of the equivalence of heat and work 
by J. R. Mayer (1842 ff.), J. P. Joule (1843 ff.), and 
H. Helmholtz (1847); the kinetic gas theory of A. K. 
Krénig (1856) and R. Clausius (1857); the quadriva- 
lence and chaining ability of carbon by A. Kekulé (1858) 
and Cooper (1858); the benzene theory by Kekulé 
(1865) and J. Loschmidt (1861); the periodic law of 
the elements by D. Mendeleev (1869) and L. Meyer 
(1869); the foundation of the stereochemistry of the 
carbon atom by J. H. van’t Hoff (September, 1874) 
and J. A. Le Bel (November, 1874). 

An inspection of these dates, which are drawn from 
two centuries of chemical history, reveals that duplex- 
ity occurs far less often with respect to experimental 
achievements than in the mental province of the for- 
mation of original ideas and the association of ideas. 
This conclusion is in agreement with the opinion of the 
great Laplace who declared: ‘‘The essence of the dis- 
covery lies in the association of associable thoughts, 
which were hitherto isolated.” Kekulé, the great 
philosopher of organic chemistry, on the occasion of the 
25th anniversary of his benzene theory (1890)—partly 
as explanation and partly in defense of the originality of 
his idea—said that sometimes certain ideas seemingly 
are “in the air’ and therefore are ready to be taken up 
by several persons at the same time. Even Terence 
taught that duo cum faciunt idem, non est idem, and 
science can only rejoice if two (or more) good minds 
have concerned themselves with the same _ problem. 
Unfortunately, the consequences of duplexity are less 
pleasant in the eyes of the participants and their coun- 
trymen, since heated debates concerning priorities and 
priority claims frequently arise.24 Concerning the 
chauvinistic aspect of such claims, Davy said: ‘Science 
is of no age and no country, it belongs to the world.” 

What circumstances give rise to and favor duplexity 
in discovery? The question can perhaps be answered 
by taking as a typical example the discovery of the 
periodic law and subjecting its authors to a compara- 
tive psycho-biographical analysis.» Both Lothar Mey- 
er (1830-95) and Dmitri Mendeleev (1834-1907) entered 
on a medical course after finishing the gymnasial curric- 
ulum. The former obtained his M.D. degree; the 
latter fainted at the first dissection and transferred to 


24 There is a decided contrast here between scientific and civil 
life, since claims for, rather than denials of, paternity are prcss 4. 
25 Compare P. WALDEN’s essays on: ‘‘Mendelejeff,” Ber., 41, 


4719-800 (1908); ‘“‘Mendelejeff, L. Meyer, W. Ramsay and the 
periodic system” in Buaee’s Buch der grossen Chemiker,’ 
1931, Vol. II, pp. 229-88. Compare also Leicester, H. M. 
Chymia, 1, 67-74 (1948). 
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the study of chemistry and physics. Both studied 
with Bunsen at Heidelberg, Meyer in 1854 and Men- 
deleev in 1860 and 1861; both attended the now famous 
International Chemical Congress held at Karlsruhe, 
(September 3-5, 1860), at which the topic “atom- 
equivalent-molecule’’ was discussed at length, and both 
took away lasting impressions of the Avogadro hypoth- 
esis. Both soon made attempts to apply this concept 
in their capacities as university teachers—Meyer in his 
“Theorien der Chemie’? (1862), Mendeleev in his 
“Organic Chemistry” (1861-62). Later, both became 
typical physicochemists, to whom preparative organic 
chemistry was a remote field, and while Mendeleev 
proved himself the great philosopher of inorganic chem- 
istry through his development of the periodic system, 
Meyer extended this system along physicochemical 
lines. The former employed for this purpose princi- 
pally his “Osnoviichimii” (“The Principles of Chemis- 
try,” 1869 on), while Meyer used his “Die Modernen 
Theorien der Chemie’ (5th edition, 1884) to the same 
end. Both of them followed the practical needs of 
chemical instruction when they furthered the setting-up 
of a genetic grouping of the elements, and they rendered 
mutual assistance in the perfection of their systems. 
Incidentally, both looked with disfavor on the “new’’ 
physical chemistry. Consequently, Meyer and Men- 
deleev came to the duplexity of their achievement with 
like mental training, acquired during similar and lasting 
scientific experiences, as well as with parallel subse- 
quent professorial activities. That this achievement 
grew out of a specific orientation and became alive be- 
cause of a certain youthful spirit of daring, is proved 
by the fact that, for example, three of those present 
at the 1860 congress—namely Strecker, Odling, and 
Dumas—although they were among the many fore- 
runners of the periodic classification, drew no con- 
clusions from what they heard at Karlsruhe. 


VI 


What general information or conclusions can be 
derived from the foregoing study? A discovery is 
comparable to a vital process and a living organism; 
it has a “life history”’ with rythmically occurring periods 
of development. History clearly teaches how the 
early practitioners put questions to Nature without 
prejudice; with the simplest tools they forced her to 
give responses; they queried her along all sorts of lines 
and knew how to observe what went on in material 
changes. Has this natural gift of keen observation 
been partially stunted by our modern chemical peda- 
gogy and our emphasis on technical aids? Goethe 
was conscious of this human failing when he wrote, 
“Was ist das Schwerste von allem? Was dir am 
leichtesten diinkt: Mit den Augen zu sehen, was vor 
den Augen dir liegt.’”” This “act of discovery” with 
the simplest technical equipment but “with applica- 


°6 cf. Mixt, Ciara, Chymia 1, 153 (1948); J. Cuem. Epuc., 
28, 421 (1951). 
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tion of a natural, still untrained sense of penetration” 
and a keen gift of observation provided a direct relation 
between the old-time investigator and the object he 
was studying; common sense or a healthy intelligence 
unencumbered with prejudicial opinions led him in- 
tuitively to see the simple and the logical. 

This type of discovering was still employed by the 
great masters of synthetic organic chemistry of the 
classic period from Liebig (1803-73) to Baeyer (1835— 
1917) and Emil Fischer (1852-1919). Indicative is the 
advice of the latter: “to approach the great wonders of 
Nature always and only with a simple and modest 
frame of mind,”’ and for collaborators in his laboratory 
he counseled “when observing phenomena or making 
analyses or other determinations, every care must be 
taken against allowing theories or other preconceived 
notions to exert any influence whatever.” 

Summing up, this all leads to the necessity of shaping 
laboratory instruction so that it does not become merely 
a one-sided training in techniques. It should also be 
instructional preparation for active research or the 
elevating “art of unbiased discovery,” or l’art pour l'art, 
as practiced by the great masters of the classical period. 
Liebig referred to it as “the poetry of discovery.” 
Perhaps it might also be called “‘the mysticism of dis- 
covery,” since it involves a kind of ferreting out of the 
hidden, the perception and comprehension of the seem- 
ingly incidental and accidental, and leads the scientist 
to a reverent amazement at the wonders of Nature. 

Since there is a natural uniformity in human thought, 
ideas and discoveries must inevitably recur. A si- 
multaneous and independent development, at different 
places, of live problems that are “‘in the air’’ is there- 
fore not only possible but actually it is imperative or a 
matter of course. Even though it happens only in 
isolated cases, the reason is partly beeause the incessant. 
urge for something new hampers or prevents a thorough 
testing and critical “thinking through”’ of the problems 
at hand, and partly because the problems themselves 
are put in such over-specialized forms. In this sense, 
duplexity in the field of chemical discovery should be 
termed the natural or normal phenomenon; it occurs 
within the bounds of the free play of the mental ener- 
gies. The many discoveries which can be credited to 
single persons make up the great majority, but they 
nevertheless should be regarded as abnormal, in con- 
trast to the “plural” cases discussed above. For the 
most part the “singular discoveries’’ occur in a very 
restricted area of study and have a previously deter- 
mined objective; in other words, they have arisen in an 
atmosphere of prejudice and constraint. When they 
are the product of a joint research carried out by two 
(or more) individuals, 7. e., through mental collabora- 
tion, then they no longer should be classed among the 
duplexity phenomena. Pertinent instances are the 
law of Dulong and Petit (1819), the law of mass 
action of Guldberg and Waage (1867), and spectral 
analysis by Bunsen and Kirchoff (1860). 
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‘DIFFERENTIAL THERMAL ANALYSIS IN THE 


GENERAL CHEMISTRY LABORATORY’ 


Dirrerentian thermal analysis (DTA) is a refined 
technique of the classical cooling or heating curves used 
in studying phase transformation of materials (14). 
Completion of the endothermic reaction as shown on the 


T, Temperature of Sample 


aT 


Time or Surface Temperature of Sample or Reference Material 


Figure 1. Classical Heating Curve versus Differential Thermal Curve 


differential thermal curve (Figure 1) does not neces- 
sarily occur at the lowest point of the curve. Careful 
analysis by Vold (1/6) showed completion of some reac- 
tions between the lowest point and the return to the 


Inert Substance 


Chrome/ 


| 
chrome! 
Alume/ aT 
Chrome/ 
Somp:e 
Figure 2. Th ple A g t for Differential Thermal 
Analysis 
base line. The temperature difference is measured be- 


tween the sample and the inert material, calcined A1-O,, 
as both are being heated at a constant rate, usually 6 or 
12°C. per minute (2, 10). The inert material under- 
goes no changes on heating and its temperature co- 


1 Presented before the Division of Chemical Education at the 
7th Southwest Regional Meeting of the American Chemical 
Society, Austin, Texas, December 8, 1951. 


YAO CHIANG and W. J. SMOTHERS 
Institute of Science and Technology, University of 
Arkansas, Fayetteville, Arkansas 


efficient of thermal diffusivity should approach that of 
the sample for best results. The difference in tempera- 
ture is measured by connecting two thermocouples 
differentially. A third thermocouple is used to measure 
the surface temperature of the sample, the reference 
material, the metal block, or the furnace (Figure 2). 
The output of the thermocouples in millivolts can be 
measured at desired time intervals by a Leeds & North- 
rup Type-K Potentiometer or a similar instrument. 
Approximately 90 minutes are required for a determina- 
tion up to 1000°C., when a constant furnace heating 
rate of 12°C. per minute is used. 

A typical halloysite (Al,Sig0;(OH),4) curve is shown 
(Figure 3) in which an automatic Leeds & Northrup 
X-Y Recorder was used. At point a on the halloysite 
curve, absorbed water starts to give off vapor and the 
heat absorbed causes the thermocouple junction at the 
center of the sample to lag in temperature behind the 
temperature of the junction at the center of the inert 
material. The completion of this action gives rise to the 
endothermic loop a-b-c on the curve. Similarly, the 
stronger and broader endothermic loop, near 550°C., 
d-e-f is due to the dissociation of the halloysite into 
water vapor and an intimate mixture of amorphous 
Al,O; and amorphous SiO. The opposite but charac- 
teristically sharp, intense exothermic effect near 950°C. 
(loop g-h-z) is caused by the crystallization of gamma- 
alumina from amorphous alumina (4). 


APPLICATIONS 
Although it was used in 1887 by LeChatelier (9), 
DTA has become a routine tool in clay technology only 


during the past 10 years, and even more recently in the 
field of chemistry. Reviews up to 1950 in several 
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Figure 3. Differential Thermal Curve of Clay Mineral (Halloysite) 
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fields will be found elsewhere (12), but it may be of in- 
terest to illustrate a few of DTA’s numerous applica- 
tions in science and technology. 

Heats of Transformation. It has been shown (6, 7, 8, 
15, 20) that the area enclosed by the endothermic loop 
wb-c in Figure 3 is proportional to the heat of trans- 
formation, although the successful operation of this 
technique depends on the attainment of a steady state 
involving the balance of a large number of experimental 
variables, including geometry of holders and packing of 
samples (16, 19). AH values of semibituminous coals 
obtained by peroxide bomb have been shown to yield a 
straight line when plotted against the area under the 
exothermic curve (1). 

Lignite Studies. The difficult problem of coal struc- 
ture is of considerable interest (1, 3, 4,13). In terms of 
DTA curves lignite is related to lignin. The first exo- 
thermic reaction in lignites is not due to the consti- 
tutional decomposition of OH groups with elimination of 
H,O as was formerly assumed (13), because the same 
reaction is observed in polyethylene, in which there are 
few, if any, OH groups available for condensation 
(Figure 4). 

Phase Studies. The systems NaPO;-Na,P.0, (11), 
sodium stearate-cetane, lithium stearate in cetane and in 
decalin, and transitions of greases (16, 17, 18, 19) have 
been successfully studied by the use of DTA. 

In summary, DTA is a powerful tool for the study of 
physico-chemical transformations, perhaps most useful 
in cases where the existence of a phase change is difficult 
to establish by other well-known methods. 
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T ere are a number of dis- 
advantages associated with 
the teaching of preparative 
chemistry on the normal 
macro scale, particularly 
where liquid products are 
being prepared. These may 
be summarized as follows: 
(1) A considerable time is 
required for setting up the 
apparatus, carrying out the 
experiment, and purifying 
the product. (2) The ap- 


= 


and is also expensive if 
ground joints have to be em- 
ployed. (3) The cost of 
chemicals is relatively high. 
(4) The use of poisonous 
or noxious gases and their disposal in quantity often 
presents difficulties. 

In order to overcome these difficulties it is ob- 
viously desirable to carry out the experiment on a 
small scale. If, for this purpose, apparatus of conven- 
tional design is used a number of defects become ap- 
parent. In any process employing distillation the losses 
inherent in the method are, firstly, the amount of liquid 
required to wet the surface of the condenser and collect- 
ing vessel, and secondly the amount of liquid which is, 
at any instant, condensing on the upper surface of the 
distilling flask. Where small amounts are being used 
these losses may constitute quite a high percentage of 
the yield. Further, if the liquid being distilled is cor- 
rosive towards cork or rubber, an all-glass apparatus 
must be used. 

These disadvantages have largely been overcome in 
apparatus designed by the authors and described else- 
where.' Briefly, the apparatus consists of a “cold 
finger” type of condenser (A) to the bottom of which is 
attached by means of glass hooks a small collecting cup 
(B). The whole is fitted into a distillation tube (E) pro- 
vided with two side arms as shown in Figure 1. The 
lower side arm may be used to hold a thermometer, a de- 
livery tube for the introduction of a gaseous reagent, or 
an air leak tube when vacuum distillation is being car- 
ried out. The upper side arm is used for the application 
of vacuum or as an exit for gaseous by-products. 

In this apparatus small quantities of liquid can be 


PYREX "COLD FINGER" 
CONDENSER 


15 150mm. 


1 ConNOLLY, J. M. AND G. O_pHam, Analyst, 76, 52, 495 (1951). 
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PYREX CUP 
15x20 mm. 


paratus is frequently bulky 
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DISTILLATION TUBES 


SIMPLE OR VACUUM 
FRACTIONATION 


Figure 1. Component Parts of Apparatus 

distilled with little loss and, as the distillate and vapor 
do not come into contact with either the stopper or the 
rubber sleeve on the lower side arm, the apparatus is 
equivalent to one of all-glass construction. Further, 
since the distillate is permanently jacketed with vapor, 
little or no oxidation can occur and no drying tube is 
necessary for the distillation of liquids attacked by 
water vapor. 

A modified distillation tube (/), fitted with a small 
column filled with glass helixes or other suitable pack- 
ing, is used for ordinary or vacuum fractionation. A 
cup (C), provided with a small orifice, enables either ex 
tractions or steam distillation to be carried out. 

Below are given a number of examples of the use of 
the apparatus in its various forms for some standard 
purifications, preparations, and identifications. 


PREPARATIONS 
Direct Distillation 

Acetyl Chloride.2 Acetic acid (1 ml.) and a slight ex- 
cess of benzoyl chloride are placed in the distillation 
tube (Figure 2) and warmed gently. The acetyl chlo 
ride distils and collects in the cup. A cork with a hole 
of suitable diameter bored in it forms a convenient means 
of removing and holding the cup. 

Chromyl Chloride. A finely ground mixture of potas- 
sium chromate (2 g.) and potassium chloride (1.5 g.), 
together with concentrated sulfuric acid (2. ml), are 
placed in the distillation tube and gently heated. 
Chromy] chloride distils and is collected in the cup. __ 

2 Brown, H. C., J. Am. Chem. Soc., 60, 1325 (1938). 
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Figure 2. Assembly for Simple Distillation 
Dry Distillation 


Acetone. Calcium acetate (4 g.) is dried in a small 
evaporating dish and then intimately mixed with copper 
powder (2 g.). The mixture is transferred to the dis- 
tillation tube and heated until the acetone distils. The 
product is purified in the normal way. 


vapor § Reaction with a Gaseous Reagent 
ro: Sulfur Monochloride. The apparatus is set up as 
rte shown in Figure 3. Sulfur (4 g.) is placed in the dis- 
vapor, tillation tube and heated in an oil bath at 130°C. until 
abe molten. Heating is interrupted and chlorine (pre- 
id pared by dropping concentrated hydrochloric acid on to 
“§ solid potassium permanganate) is passed through a de- 
oil livery tube inserted in the lower side arm. Excess chlo- 
pack. Tine is absorbed in sodium hydroxide solution as shown. 


,f After five minutes the passage of chlorine is stopped and 


n. 
the excess chlorine blown out. The product is distilled, 


er ex- he 
, the sulfur monochloride collecting in the cup as a pale 
yellow liquid. 

adel Formic Acid. The normal preparation of formic 


acid from glycerol and oxalic acid results in the forma- 
tion of a dilute solution which is then converted into 
lead formate. This is carried out on a small scale using 
conventional apparatus so that a yield of approximately 
5 g. is obtained. This is transferred to the distilla- 
tion tube and heated. Hydrogen sulfide, washed 
through water and dried over calcium chloride, is passed 
in and the formic acid collected in the cup. To remove 
hydrogen sulfide the formic acid is redistilled over a 
little lead formate. 


Catalysis with Immediate Removal of Product 


Diacetone Alcohol. The reaction is an aldol conden- 
Sation carried out with acetone, using baryta as a cata- 
. lyst. The reaction is reversible and as there is only a 


small percentage of diacetone alcohol in the equilibrium 
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mixture the acetone is continuously recycled over 
baryta. For this experiment the normal cup B is re- 
placed by the perforated cup C which is half filled with 
solid barium hydroxide. Acetone (3 ml.) is placed in the 
distillation tube and gently boiled, the vapor condens- 
ing on the cold finger and dripping through the cup. 
The boiling is continued for 20 hours when the cup is 
replaced by one of the normal design. The thermome- 
ter is now fitted and the fraction boiling between 160° 
and 165°C. collected. 


PURIFICATIONS 


In addition to the more obvious purifications in- 
volving straight distillation the apparatus may also be 
used in the last stage of a small-scale preparation in- 
volving vacuum distillation. In this case the upper 
side arm is connected to a vacuum pump via a manom- 
eter and the lower side arm is fitted with an air-leak 
tube. The apparatus could therefore be used, for ex- 
ample, in the purification of phenol or phenyl hydra- 
zine. 

If a substance is to be isolated by steam distillation, 
the modified cup C is used. This has a small orifice in 
the bottom and is provided with glass hooks which are 
longer than those on the normal cup B. A small disc of 
filter paper, 3.5 cm. in diameter, is folded as shown in 
Figure 4 so that a cone angle of approximately 40° is 
obtained. The paper is wetted and inserted into the 
cup so that a close fit around the upper edge is obtained. 
Approximately 1 ml. of the liquid to be steam-distilled 
is placed in a 25 X 150-mm. test tube, together with an 
equal volume of water. A few tiny pieces of porcelain 
are added and the cold finger attached. The liquid is 
boiled gently, the distillate collecting in the filter paper. 
The excess water drips back into the distillation tube, 
the amount of water admixed with the distillate thus 
being a minimum. The ratio of water to substance 
must be kept low for compounds whose solubility is ap- 
preciable, e. g., aniline. 

If the substance is a solid a portion of it may collect 
on the condenser whence it may be removed. 

By removal of the cup the apparatus may be used for 
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Figure 4. Assembly for Extraction 


purifications involving sublimation or vacuum subli- 
mation. 


EXTRACTIONS 


For the extraction of solids the modified cup C is 
fitted with a filter-paper cone or small Soxhlet-type 
thimble and the extraction carried out in the normal 
way. If it is necessary to conserve the extract for crys- 
tallization or evaporation and weighing, a small insert 
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Disused. This is a reasonably close fit inside the distil. 
lation tube and has a small glass hook attached to 
facilitate its withdrawal. The cup C may be replaced 
by one of the normal type if the solvent is to be re 
moved by distillation. 


IDENTIFICATIONS 


It will be seen that the apparatus is also of value in 
the identification of organic compounds and it has been 
found useful in many cases where conventional appara. 
tus has not proved very satisfactory. The method pre. 
viously given for the preparation of acetyl chloride may, 
for example, be used in the identification of acids yield- 
ing volatile acid chlorides. 

Aralky] ethers may be identified in the following man- 
ner. The ether (2 ml.), together with hydriodic acid 
s.g. 1.7, (6 ml.), is placed in the distillation tube and the 
cold finger condenser without the cup is inserted. The 
mixture is boiled gently on an oil bath for 45 minutes 
and then cooled to room temperature. The cold finger 
is removed, cleaned, the cup attached, and the whole re 
placed. The alkyl iodide is very slowly distilled off, 
collected in the cup, and subsequently identified by nor. 
mal methods. 

Other uses of the apparatus in qualitative organic 
analysis will readily present themselves to the reader. 


CONCLUSION 


It will be seen that the apparatus described may be 
used to carry out a wide range of operations on the 
semimicro scale. It is inexpensive, easy to make, and 
is therefore quite suitable for individual student use. 
If the apparatus is being used for demonstration pur 
poses, a large lens of the television type will enable 
the class to view the experiment with ease. 


THE PURPOSES OF A LIBERAL EDUCATION 


. .. It is good and important to learn skills and to develop facility in acquiring information and to 
experience the joy of doing something thoroughly and well. But those of us who teach skill sub- 
jects need to remember that the skills or techniques are not ends in themselves, that their real 
importance lies in what they do for the emotional and intellectual development and discipline of 
the individual. We cannot and should not promise that the possession of any specific knowledge 
or ability will bring happiness, or prosperity, or even a job. 

. .. Our students do not work hard enough and yet I suspect that the reason is not that they are 
lazy, but that we have set them too limited and too material goals. They have come to look upon 
courses of study in terms of requirements or professional needs only. Courses which do not fall 
into these two categories they regard as luxuries. How can be blame them, if they have never 
been taught to do otherwise? 


... If we are to attack what seems to be a deep-seated and widespread mal du siécle we must create 
a healthy philosophy of education. I submit that the ancient criterion is still valid, that a study 
is practical if it makes one a better and more able person, that it is practical to learn to distinguish 
between the variables and constants in life and thus to recognize that which is immortal in human 
experience and of permanent value in the life of the individual. No one can do this adequately 
without an intimate knowledge of some phases of history, philosophy, great literature, and the 
incredible adventures of the scientific world.—From the Bulletin of Hiram College, October, 1951 
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a EDUCATIONAL PREPARATION FOR A CAREER 


IN CHEMISTRY’ 


Srupenrs come to us in industry usually, not always, 
with a high-school diploma, and with almost any 
number of years of training beyond high-school gradua- 
tion. It is not always possible to predict the career of 
such men, although it is no surprise to say that in 
general the future trajectory of a man’s career—whether 
as an organizer and leader or as an individual investi- 
gator, inventor, or research worker—will usually rise 
higher, extend farther, and show more conspicuously 
as the training he brings with him is more elaborate 
and extensive. The most obvious reason for this is 
that he brings with him a greater variety of tools to 
meet the various situations he must cope with in his 
career. Almost as obvious is the fact that a screening 
process has taken place and the keener minds, the more 
vigorous individuals and the more ambitious have perse- 
vered to the farther reaches of the educational limits. 
But this same reason provides us with exceptions. 
Purely accidental influences may modify, misdirect, 
or cut short an educational career. These influences 
may be insufficient finances, family responsibilities, the 
slow maturation of the individual, etc., with the result 
that after a man has forsaken his formal educational 
preparation—temporarily—he may find himself and 
seek in a formal or informal way to get the education 
which he has come to realize he needs. Under such 
circumstances the high-school graduate may outdistance 
the college graduate, or the college graduate the more 
highly specialized man with an advanced degree. 

In general, of course, the advantage lies with the 
man with the greater preparation, and since more and 
more students are finding it possible to continue with 
advanced education competition is keener, and it is 
more and more necessary for a student interested in a 


1 Presented at the 13th Summer Conference of the NEACT, 
University of Rhode Island, Kingston, Rhode Island, August 22, 
1951. Presented also to the Chemistry Teachers’ Club of New 
York on October 19, 1951. 
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serious career in chemistry to attain the maximum in 
preparation that his circumstances permit. 

It is one of the ideals of American education that 
every man or woman shall be educated to the limit of 
his ability. The high-school graduate entering indus- 
try may find several possible courses of action open to 
him. I know of no industry in which the high-school 
graduate can, by reason of courses offered under any 
company plan, acquire a degree equivalent to the 
Bachelor’s either in chemistry or in chemicalengineering. 
Most companies seem to feel, like my own, that aca- 
demic institutions are far and away best qualified to give 
the fundamentals of such education and that wherever 
possible such instruction is better given in the academic. 
environment. Only under wartime emergency con- 
ditions have we ever attempted to supplement the learn- 
ing that is inherent in any job with formal lectures and 
laboratory work. Some companies encourage their 
secondary-school graduates to take outside course 
work leading to a degree by paying half their tuition. 
Others, like my own, have scholarship plans, tuition 
loans, and other means of encouraging further study. 

The high-school graduate in industry can also find 
technical training at certain outstanding vocational 
schools where the courses will give him almost all the 
preparation in the technical aspects of chemistry and 
chemical engineering that he would derive from the 
Bachelor’s curriculum. Such training occupies about 
two years and lacks, generally speaking, the liberal arts 
subjects of the curriculum. It is undoubtedly a very 
suitable course for certain types of men who are look- 
ing forward to careers confined largely to the practical 
operations of the chemical industry. At the Rochester 
Institute of Technology where the course is a coopera- 
tive one, the student has the additional advantage 
that he can earn while he learns. Perhaps the main 
disadvantage of such a course would be felt if the stu- 
dent decided that he wished to continue with graduate- 
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school studies. He might find also that in these days 
of increasing regimentation his status as a professional 
worker might be hard to establish, and as a consequence 
he might be eligible for labor union membership, of one 
form or another. Whether this last may be considered 
a disadvantage or not depends entirely on the individ- 
ual’s own point of view and feelings in the matter. 

The college or university graduate in industry is also 
eligible for courses, many of which continue throughout 
his working career. Adult education is still very much 
on the increase. This more or less specialized educa- 
tion is given under the direction of company administra- 
tors, not infrequently with the aid of outside groups. 
Even here, however, we are circumspect in what we 
attempt to do, and, where it is necessary, the aid of such 
groups as the Harvard School of Business Administra- 
tion is enlisted for the training of some of the advanced 
men in this field. Often the new Bachelor’s graduate 
coming into industry quite understandably does not 
have a definite idea of what he wants to do or where he 
wants to begin. An opportunity is given him to enter 
a training course where he will be able to see company 
operations first hand; get the experience of different 
kinds of work, in sales, manufacturing, the laboratory, 
ete. After four such assignments of three months each, 
he is ready to consider permanent placement, sometimes 
a return to one of the assignments he has been on, or 
more often employment on a project which is similar to 
an assignment which he has tried. The men who are 
in such a course not only have the experience of their 
own specific assignments, but by association with others 
in the course, and other technical people in the organiza- 
tion, are able to acquire an extensive understanding of 
the varieties of industrial work available tothem. For 
a selected few who show outstanding technical qualifi- 
cations, a classroom program of one or two years dura- 
tion has been established, built around a review of 
physical chemistry with problems in engineering and the 
special fields of interest in our company. I shall not 
supply details, as I am merely trying to describe the 
environment for which the college graduate must make 
himself ready. Probably at least as many men as are 
hired for this training program are placed directly in 
openings in the company organization. Opportuni- 
ties are available for men placed directly in jobs to 
change jobs after some suitable period of work, often a 
year, but sometimes as little as six months. Also, I 
should mention that a training program of this kind has 
never been developed for men entering our organization 
with the Ph.D. degree. 

With this sketchy outline in mind of how we attempt 
to help the new technical employee adjust himself to the 
business and industrial world, let me return to my origi- 
nal question of the preparation of these men for the 
careers on which they have embarked. What are the 
things they need to have, which men show the greatest 
promise of success, why are some more successful than 
others, what are the things that interfere with success? 
How should a man select the work which will suit him 
best, and which will give him the satisfaction called 
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“suecess?” There is no simple formula to cover all 
types of work—the man who selects a technical career 
in the laboratory or in engineering is bound to have 
different interests and a different function from the one 
who selects sales. However, I am going to attempt to 
answer these questions without detailed reference to 
the differences, but rather to the things that these 
jobs have in common. 

In general, I should say that the technical preparation 
that graduates of qualified schools bring to their work 
is suprisingly and uniformly good. If one is an ana- 
lytical chemist like myself one feels some dismay that 
even students of specialized training in analytical are 
apt to know little about rock analysis, and that their 
familiarity with classical work in chemistry is surpris- 
ingly incomplete. But one has to remember how crowded 
the curriculum has become, the important job of selec- 
tion which the chemistry faculties must do, and one 
cannot help but conclude that, if certain other conditions 
were met, the deficiencies in technical information would 
not be serious. 

In one of his essays (7) on the “Aims of Education” 
Alfred North Whitehead says of education that it 
“is the acquisition of the art of the utilisation of knowl- 
edge,” and “This is an art very difficult to impart.” 
He goes on to say, “In subsequent practice the men will 
have forgotten your particular details; but they will 
remember by an unconscious common sense how to 
apply principles to immediate circumstances. Your 
learning is useless to you till you have lost your text- 
books, burnt your lecture notes, and forgotten the minu- 
tiae which you learnt by heart for the examination. 
What, in the way of detail, you continually require 
will stick in your memory as obvious facts like the sun 
and moon; and what you casually require can be looked 
up in any work of reference.” There is implied in 
these statements much that should characterize the pro- 
fessional attitude, but which manifests itself in a very 
few graduates either of our colleges or our graduate 
schools. There is implied a sense of professional respon- 
sibility; the wish toshoulder a problem alone; to study 
it face to face and to make up one’s own mind about 
what one sees and what it means —to be tested naturally 
against the opinion of others, by free discussion and 
debate if need be. One prominent professor of organic 
chemistry who has trained many students once told 
me—and with his feelings I heartily concur—that no 
student enraged him more than the one who came from 
the laboratory to report on a piece of work with the 
statement, “it didn’t seem to work”! It is at such 
moments that one wonders whether the student pos- 
sesses any powers of analysis at all. 

Perhaps some of you have read the article (/) in the 
June, 1951, issue of Tuts JouRNAL that discussed chemis- 
try as a liberal art. In the article Dean Buchanan 
analyzes some of the problems that beset the chemistry 
department and the dean, in a liberal arts curriculum, 
and at one place refers to our science as “the darkest 
range of the intellectual spectrum.” It appears from 
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seems to be the case—do the liberal arts have difficulty 
in fitting into the curriculum of the chemists, but chem- 
istry has a hard time justifying itself in the liberal arts 
curriculum. But in another place Buchanan says, 
“The principle of liberal teaching must be intellectual, 
and its aim must be the awakening of intellectual 
curiosity in the student and the establishment of those 
intellectual habits by which a student becomes his 
own teacher for the rest of his life. The intellectual 
process must become self-perpetuating; the insights 
induced in the classroom and laboratory must be such 
that they will generate other insights. This means 
that subject matters must be sorted and selected to 
provide the kind of basic understandings that crucial 
experiments contribute to science. Since this criterion 
probably demands more understanding than the aca- 
demic community has of its present subject matters, our 
basic trouble is a very dangerous one, an intellectual 
chaos.” Now the first part of this statement is one 
with which I have no trouble in agreeing—namely, that 
we must, to educate successfully, generate intellectual 
curiosity, and this I venture to say is easily reconciled 
with the objectives stated by Whitehead. 

To what extent do students coming to work in indus- 
try show evidence of having acquired these qualities? 
I have asked university professors to what extent the 
students entering graduate school show these qualities, 
and the replies I have had from my faculty friends are 
most discouraging. One internationally known pro- 
fessor who has been training graduate students for 
many years told me recently that he felt that since 1945 
the students have been much less satisfactory than 
before the war, that their whole attitude is that they 
are in graduate school to work union hours, preferably 
nine A.M. to five p.m., and when the time comes to quit, 
work stops whatever it may be, regardless of how near 
or how far off the completion of the work or degree may 
be. This reflects a disturbing lack of that’ driving intel- 
lectual curiosity which should distinguish graduate 
students beyond any others. I am, unfortunately, 
forced to admit that my own experience of students is 
not too different from this faculty friend’s. The lack 
of curiosity is exhibited in other ways, but it comes down 
to the same thing. 

I have tried to discover what may be the reason for 
this apathetic attitude toward work. One of my con- 
temporaries, not a chemist but with four children of 
his own, suggests that project teaching in the lower 
grades of schools has developed in children the attitude 
that everything that is done must be done in groups, and 
when group action ceases the individual stops with it. 
This can hardly develop the attitude of independent 
responsible effort carried on for its own sake, without a 
cheering section, which has been the very spirit of 
scientific inquiry. To be a successful chemist, or suc- 
cessful in almost any endeavor, one must be able to 
work with nothing to sustain oneself but the conviction 
of being right. Otherwise one is all too likely to find 
oneself disappearing in the flood of mediocrity. 

The recent collection of articles “Careers in chemistry 
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and chemical engineering” published by Chemical and 
Engineering News (6) has pointed out further aspects 
and consequences of this unprofessional attitude, an 
attitude that runs something like this: ‘Now that I 
have my Bachelor’s degree (or an Engineering degree 
or Doctor’s degree) I am entitled to a job at prevailing 
market rfites and at the stated rate increased up to the 
time of my retirement. My employer shall be satis- 
fied with any pearls of wisdom that I choose to scatter 
in my progress—when | get around to it. Meanwhile 
don’t trouble me with reports, ringing a clock-card 
(because I am professional), exercising initiative, con- 
cerning myself about the overall problems of the organi- 
zation, etc.” 

Since this introduces the subject of money, it would 
be well to say a little more about it here. It is an impor- 
tant subject but not quite as important as some of our 
younger people lead themselves to believe. I think I 
have chosen a good audience to whom to make a state- 
ment of this kind, because by the very profession you 
have embraced you have demonstrated a courageous 
disregard of riches. Money is important because it 
keeps the grocer, the landlord, and the rest of our daily 
payrolls in a cooperative state of mind. There are 
undoubtedly levels of earnings below which it is imprac- 
tical to sell one’s services unless one is an ascetic. On 
the other hand there is a level of income above which 
the worldly goods one must administer become more of a 
responsibility than an asset and may actually inter- 
fere with a full pursuit of life. It is this second ievel 
that is rarely recognized. (Before the war, Aldous 
Huxley (3) estimated this level at $20,000, so we may 
take it as somewhat higher now.) I have often said 
to some of our younger chemists that there are probably 
three factors in any particular job which determine its 
worth. These are the place one must live, the people 
one must work with in one’s job, and the salary one 
earns. Salary is after all only one of these conditions, 
but it frequently obscures all other considerations. I 
am not trying here to comment on the extremely knotty 
question of what constitutes fair and adequate compen- 
sation or how it may be determined. But it is not un- 
common in my experience, and in that of my associates, 
to have a married man tell us that he and his wife can- 
not live on a salary of say $4,500 per year. My answer 
always seems to come as a surprise, namely, that what- 
ever one’s income is, one must learn to live on it, and it 
is always surprising to me that I must tell intelligent 
college graduates this simple fact. They often fail to 
understand that this is not necessarily an argument for 
an increase in salary. Education should be a means of 
bringing us into adjustment with our environment and 
the people we live with, and it is surprising when it 
fails on such an elementary level. I think that much 
grief could be spared the young chemist by squarely 
facing the problem of money. Abundant information is 
now available about the earnings of professional people, 
and they may be compared with earnings of other 
groups in the population. Purely in terms of income, 
a chemist may not compare favorably with an auto- 
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mobile dealer, but other questions will influence a 
decision, and once it has been made it should cease to 
be a source of mental conflict. Unhappiness over 
earnings is another aspect of this attitude mentioned 
above that “the world owes me a living.” When some 
of our chemists have talked professionalism to me, partic- 
ularly in relation to salaries, I have endeavored to 
point out that it is not measured by what you get, but 
by what you give. 

Another related problem which troubles the ambi- 
tious young recruit to industry is that of advancement 
by being given the responsibility of leadership. Too 
often this is not recognized as a problem in giving— 
giving of oneself in many of the ways familiar to any 
educator, also the giving of one’s ideas and the lending 
of initiative. It often seems like a desire to be a leader 
without leading. It is easy to wish one were president 
of the United States, but how many who squarely face 
the implications of the job can honestly say they would 
want it? 

Another shortcoming of a somewhat different nature 
is one of communication. While assembling material 
for this paper, my attention was attracted by a news 
story in the New York Hera!d Tribune of June 18, 1951, 
reporting a Conference on Industrial Research held at 
Columbia University. The article? states that: 


The study ... showed that one of the research worker’s great- 
est failings is his inability to write adequate memorandums and to 
understand memorandums that he receives. 

Other frequently encountered communications problems high- 
lighted by the study include: (1) the reluctance of research work- 
ers to communicate with superiors even though channels are pro- 
vided for such transfer of information; (2) delays in transferring 
information and in responding to inquiries; (3) a general reluc- 
tance of researchers “to communicate in any direction.” 


I know that it has been stated again and again and 
again that the ability to write English is deplorably 
lacking among our college graduates. Courses in 
speaking, writing, or as we have named it, “Effective 
Presentation,” are much in demand in the General 
Electric Company. These courses deal with the me- 
chanics of communication, of a kind that should be mas- 
tered in grammar and secondary schools. Not only is 
the command of spoken and written English deplorably 
bad but the effective organization and presentation of 
ideas is a rare accomplishment. I am often perplexed 
to imagine what goes on within the heads of individuals 
who grapple so ineffectually with their mother tongue. 
The formation of a sentence with subject and predicate, 
the selection of words to describe meanings accurately, 
the logical presentation of ideas are all beyond the skill 
of men who have for 16 or more years been trained in 
the mother tongue. An example of a letter received 
not long ago by our librarian from a technical journal 
is a mild illustration of what I have been saying. The 
sentence reads, ‘‘We have not adjusted our records, 
however, this now leaves the above mentioned account 
unpaid and we are, therefore, enclosing invoice cover- 
ing same.” The epitome of garbled communication is 


2 See also ref. (2). 
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the notable essay, “The fascination of machinery,” In th 
brought to light by the pages of the News Edition of J cult to 
Industrial and Engineering Chemistry and which I urge § casual | 
you all to read (4). a short 

Finally, before leaving the topic of communications, § other | 
I cannot refrain from mentioning the old-fashioned } samuel 
subject of spelling. I am apparently expecting too Con. 
much from our technical graduates when I expect them | names 
to spell, and theoretically, at any rate, this task should § were di 
fall to our typists and stenographers who are supposed — [saac ) 
to be specialists. Alas for theory! Even if the typists § concert 
knew what they were reading, and could tell from the § whose! 
context whether it should be “plane” or “plain” the § disered 
typists themselves, in spite of the efforts of the business § manen’ 
college which have come too late, are also the victims ley, wh 
of modern education and cannot spell. So one not infre- § ministe 
quently receives a report garbled in organization, com- diplom 
posed of sentences grammatically unstable, and made § scientis 
up of misspelled words. The full impact of the illiter- § spent a 
acy is staggering. Chaim 


Now what is wrong? How can the critical faculties 
be developed, initiative, imagination, and self-expres- 


who he 
sis; an 


sion be made more common characteristics of the di-§ = Muc 
ploma-bearing graduate than they are at present? Does § researc 
the fault come from romanticizing science? Do we§ parado 
lead young people to believe that a scientific career is § the Sci 
one of certain rewards, and a sinecure of adulation and § schools 
easily earned respect? Do we tell them that hard think- § trainin 
ing is needed here as well as in other careers? Do we § doctor 
encourage them to believe that a scientific degree is an § qualita 
end in itself, and therefore condemn them to the bitter § from n 
disillusionment of the truth? known 
I am sure there is no easy answer to these questions. § to re-e 
To me the problem is one of bringing the student into § gram a 
better perspective with regard to himself and the world § ing. 
around him. “Know thyself!” is an ancient adage§ Fina 
which still has meaning. Can this knowledge be derived ‘Bee 
from a richer liberal-arts curriculum for our science stuf 
dents? Dean Sherwood at Massachusetts Institute 
of Technology and others have indicated that humanis- 
tic studies, languages, and other liberal arts are to re 
ceive greater emphasis in the engineering curriculum and 
I venture to suggest that chemistry students would be 
happier in their careers, and therefore more useful, with 
the same leavening of their studies. 
No small part of the liberal-arts curriculum has its 
roots in the secondary school and it is to the high- 
school teachers that we must turn first for aid. It has 
been a matter of some interest to me that the American 
Chemical Society Council Committee on Chemical 
Education, of which I have been a member, has several 
times discussed the subject of the secondary school, and 
this committee which represents broadly many varied 
interests in sizes of school, location, ete., has always 
been unanimous in its agreement on the importance of 
the secondary school as the foundation on which a chemi- 
cal education must be built. I have long been hopeful §7° the 
that some group within the American Chemical Society 
would bring forward a program which the Society couldf’ The 
launch to assist secondary-school education. DUC. | 
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In the last analysis, the process of education is diffi- 
alt to discover and difficult to direct. I have made a 
casual hobby of noting great men who were chemists for 
ashort time in their careers but made a name in some 
other field—William James, Ralph Waldo Emerson, 
Samuel Ward, and others. 

Conversely, it is interesting to reflect on notable 
names in science whose major interests and energies 
were directed to some quite unrelated intellectual effort : 
Isaac Newton, whose chief writings were religious and 
concerned the prophecies of the Book of Daniel; Goethe 
whose major interests were directed to a now thoroughly 
discredited theory of color but who did make a per- 
manent contribution to comparative anatomy; Priest- 
ley, who was a chemist by avocation and a Unitarian 
minister by profession; Rumford, who was a soldier, 
diplomat, and master of many careers, but only a 


scientist in a casual sense; Benjamin Franklin, who 
spent a brief two or three years on his electrical studies; 
Chaim Weizmann, the world renowned Zionist leader, 
who has made outstanding contributions in bio-synthe- 
sis; and many more. 

Much has been said to indicate the importance of 
research as a means of stimulating the teacher, yet the 
paradoxical report published in the July, 1951, issue of 
the Scientific American® reveals that the record of small 
schools with limited faculty has been notable in the 
training and inspiration to students to continue to a 
doctor’s degree. The findings in this report agree 
qualitatively with my own observations of students 
from many of the schools listed, compared with better 
known institutions. Perhaps it would be appropriate 
to re-examine the premise that an active research pro- 
gram among the faculty is essential to inspired teach- 
ing. 

Finally, I should like to remind you that the total 


See also ref. (5). 
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problem of which only a few aspects have been here dis- 
cussed is of immense importance to our welfare as a 
nation. I can find no more striking words to describe 
it than those of Professor Whitehead (8) written not 
later than 1917: 

‘When one considers in its length and in its breadth 
the importance of this question of the education of a 
nation’s young, the broken lives, the defeated hopes, 
the national failures, which result from the frivolous 
inertia with which it is treated, it is difficult to restrain 
within oneself a savage rage. In the conditions of 
modern life the role is absolute, the race which does 
not value trained intelligence is doomed. Not all your 
heroism, not all your social charm, not all your wit, 
not all your victories on land or sea, can move back the 
finger of fate. To-day we maintain ourselves. To- 
morrow science will have moved forward yet one more 
step, and there will be no appeal from the judgment 
which will then be pronounced on the uneducated.” 
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To the Editor: 


The ambition of the staff at Santa Barbara (J. CHEM. 
puc. 29, 133 (1952)) to provide a physics and chemistry 


course for general education possessing the properties 
they outline is the most commendable move I have yet 
seen in this general education business. 

(1) The course will not be a “survey” course. This 


|| 
| 
ery,” 
ion of 
Urge 
tions, 
‘ioned 
g too 
them 
hould 
posed 
Ypists 
m the 
” the 
siness 
ictims 
infre- 
made 
illiter- 
-ulties 
xpres- 
he di- 
Does 
we 
eer is 
n and 
think- 
Jo we 
is an 
| 
| 
A 


318 


is fine. Survey courses were designed, so we are told, 
for that large segment of the college population which 
needs no formal, rigorous scientific training such as 
standard laboratory courses provide. This is not so, 
as I see it. They were designed to appease the masses 
on college campuses who are generally not equipped 
for the more rigorous scheme of things. And so we 
give them a “survey” which teaches a little of this, and 
a little of that, and which masquerades as science. 

It is said that the science academicians oppose these 
courses because they (the scientists) are up in the 
clouds technically and that they have no interest in 
the needs of general education. This business of 
“general education,’ which no one appears really to 
understand, omens ill for us intellectually and academ- 
ically, since it fosters and aids and abets mediocrity 
or less. Academicians are not against general educa- 
tion but the truth is that a survey course cannot possess 
honest intellectual rigor. By its very nature it must 
be watered down. 

This course, happily, will contain “solid science.” 
A Daniel hath come to judgment! 

(2) Since the program is restricted to physics and 
chemistry perhaps we can hope for a.similar scheme to 
embrace, say, astronomy, geology, and meteorology. 
The reason for this need strikes me as follows: the 
fundamental ambition in this “science for general 
education” is to interpret science—to show its social 
and philosophical implications, to lead to an under- 
standing of technological history, to inculcate an 
intellectual recognition of science in society. These 
are the larger ideas to which we aspire. The modern 
world is not physics and chemistry alone. 

(3) As it stands ‘‘we have in this course students 
from all four college years,”’ and ‘We believe it likely 
that with the exodus of the survey there will gradually 
come a shift of these general-education courses to the 
Jast two years of college.” I have repeatedly urged 
that the fundamental intentions of this business can- 
not possibly be met with freshmen and sophomores. 
A sensible reading maturity is demanded—some sem- 
blance of analytical skill and judgment is required—if 
the ambitions in (2) above are to be met. A senior 
who is reasonably read in history and philosophy and 
sociology—even art and literature—this is the man 
to whom these ambitions should be directed. 

The scheme, as these Santa Barbara men point it up, 
omens well. 


JuLiIus SUMNER MILLER 


UNIVERSITY 
New Orteans, LOUISIANA 
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To the Editor: 

In a recent article’ concerning the effects of the 
dielectric constant and the ionic strength of a liquid 
medium on the rates of reactions, Amis purports 
that the decreased time of reaction observed for the 
iodine clock upon the addition of sodium choride ty 
the reaction medium is a manifestation of the ionip 
strength effect on “the slow rate-controlling step. . . the 
oxidation of the sulfite ion by iodate ion to the sulfate 
ion.” Skrabal and Rieder,? however, showed many 
years ago that the effect of this salt on the reaction 
could not be simply a primary salt effect, as indicated 
by Amis, since the concentration of chloride ion entered 
directly into the kinetic expression for the over-all 
reaction. The chloride ion usurps to a certain degree 
the role of the intermediately formed iodide ion (the 
other product of the slowest step). The same is true of 
added bromide ion.? 

In addition Skrabal and Rieder did find that potas. 
sium nitrate acted as an apparently “‘inert’’ salt but 
that the time of reaction was, in general, increased with 
increasing concentration of the added salt. In one series 
of experiments with potassium nitrate a maximum 
occurred in the time of reaction as a function of salt 
concentration. 

The salt effect in the iodine-clock reaction is under 
further investigation in our own laboratory. In the 
first paper in this regard* we report the effects of added 
lithium, sodium, potassium, and magnesium sulfates, 
all of which increased the time of reaction for smaller 
concentrations of the added sulfate. At higher molari- 
ties of the magnesium sulfate a maximum was likewis 
found. We presented a possible explanation of thes 
salt effects in terms of the complete Debye-Hiickel 
theory‘ and the findings of Eggert® that (at least under 
certain circumstances) the time of reaction is a func 
tion of the rates of both the slowest and the nezxt-to-the 
slowest steps. 

A minor correction, also to the article by Amis, is 
that NH,+ and CNO ~ react to give urea, not “ammonia” 
as stated. 


L. H. 


INDIANA UNIVERSITY 
BLOOMINGTON, INDIANA 


1 Amts, E. 8., J. Coem. Epuc., 28, 635-7 (1951). 

2 SKRABAL, A., AND R. Rieper, Z, Elektrochem., 30, 109-2 
(1924). 

3 KiemM, L. H., Proceedings Ind. Acad. Sci., in press. 

4 GiasstTong, 8., ‘Textbook of Physical Chemistry,” 2nd ed, 
D. Van Nostrand Co., Inc., New York, 1946, pp. 966-8. 

5 Eacert, J., Z. Hlektrochem., 23, 8-19 (1917). 
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A TEXT-BOOK OF QUANTITATIVE INORGANIC 
ANALYSIS 


Arthur I. Vogel. Second Edition. Longmans, Green and Co., 
London, 1951. xxiii + 918 pp. Illustrated. 25.5 x 16 cm. 
$10. 


Tuis is a very interesting and somewhat unusual type of book. 
It could be used by a beginner—even perhaps by a self-taught 
one—though cases of heart-failure might be reported among 
American sophomores at their first sight of the volume. (It 
weighs four pounds.) All the material in the usual American 
texts of quantitative analysis seems to be here, rather concisely 
presented, and without any special concessions to the immaturity 
of young students. In addition, however, there is a vast array of 
detailed procedures, by all the familiar techniques, for nearly 
all the elements and inorganic radicals any commercial analyst 
is likely to need to determine, so that the book might serve, rather 
better than any other I know, as the sole reliance of an analyst 
from his beginning days to direction of a control laboratory in 
some industry. The theoretical foundations are presented in 
Chapter One (149 pages). Especially good are the treatments 
of the solubility product, buffer solutions, and neutralization 
indicators, in which simple corrections to the approximate 
equations are given in terms of activity coefficients. The dis- 
cussion of strong-acid-strong-base titration curves could be 
improved by the use of the general equation pH = -log (1-x)C 
where x is the fraction titrated and C is the original acid concen- 
tration corrected for volume change, and again for weak acids 


and strong bases, pH =pK + log = This same treatment would 


also be useful in the later section where redox titrations are 
discussed. The detailed table of precipitates and their weighing 
forms on page 101 is perhaps out of place in the section on theory 
of gravimetric analysis, but it is a very convenient summary of 
alot of information. The long section on organic precipitants is 
up to date and satisfactory. The second chapter covers analy- 
tical techniques and is very complete regarding apparatus, 
including descriptions of the new Swiss “gram-atic” as well as 
other air-damped balances. The Main-Smith crucible lid was 
unfamiliar to the reviewer and seems an excellent idea. Does 
anyone sell them? Instead of the usual five or six, fifteen acidi- 
metric primary standards are described in some detail. The 
volumetric chapter (3) includes methods for barium and sulfate, 
for Te in presence of Se, for quantitative reductions with chromous 
and vanadous as well as titanous salts, for the preparation of 
sodium starch glycolate, for oxidations with chloramine-T, and 
for water hardness with “‘versene,” for which the author suggests 
the nickname “didiette.” There is an 80-page section on syste- 
matic gravimetric analysis, including about 35 elements and 27 
anions—a sort of compressed “‘Hillebrand and Lundell” without 
the volumetric methods. Electrolysis, including controlled 
potentials and elaborate directions for constructing apparatus, 
gets 50 pages and ‘complex materials” such as brass, steel, and 
cement another 50 In Chapter 5 (70 pages) colorimetric methods 
are discussed with a wealth of illustrations of modern equip- 
ment. Chapters 6 to 11 cover potentiometry, conductimetry, 
polarography, amperometry, gas analysis, and micro-methods, 
and with the appendixes and indexes amount to another 350 pages. 
The appendixes contain a lot of useful material of the sort 
for which one of the handbooks is usually consulted, including 
both 4-place and 5-place logarithms, table of chemical factors 
and their logarithms, the Greek alphabet, apothecaries’ weight 
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and volumes, and finally a guide to enable students with varying 
degrees of ambition and industry to plan their courses through 
the book. On the whole, the work seems very comprehensive, 
very well written, and extraordinarily free from typographical 
and other errors. (No check of numerical problems, etc., was 
made). This is perhaps the single work on quantitative analysis 
with which the reviewer would most like to be shipwrecked on a 
desert island, so long as he didn’t have to swim with it. Some 
space could have been saved by an even more elaborate system 
of cross references than was used, and some repetition is unavoid- 
able in a book that is intended for both tyro and expert. When 
the third edition is published it will need a section on high- 
frequency titrations, and perhaps one on titrations in non-aqueous 
solutions. 


NORRIS F. HALL 
UNIVERSITY OF WISCONSIN 
Maptson, WISCONSIN 


x A STUDY OF ANTIMETABOLITES 


D. W. Wooley, Member, The Rockefeller Institute for Medical 
Research. John Wiley & Sons, Inc., New York, 1952. xiii + 
269 pp. 37 figs. 15.5 X 23.5cm. $5. 


Tue well-known author reviews in an authoritative way a 
field that has essentially been developed during the last decade, 
although the introductory historical chapter of his book shows 
that scattered observations having a distinct bearing on the 
problem were already made at earlier dates. The basic phenom- 
enon is that even minor chemical changes in many metaboli- 
cally important compounds will, when given to an organism, 
result in symptoms characteristic of the specific lack of the origi- 
nal compound. This central idea is then expanded by discussing 
in a more or less detailed fashion all the observations accumulated 
by many workers of antimetabolic activity. Examples are the 
growth-inhibiting action of sulfanilamide on bacteria and its 
prevention by p-aminobenzoic acid, the production of thiamine 
deficiency by pyrithiamine, the antagonism of both these com- 
pounds in isolated enzyme systems, antagonists against fat- 
soluble vitamins, against hormones, and so on. The scope of 
the book is perhaps best indicated by mentioning that the author 
lists in an extensive table 43 metabolites and their antagonistic 
structural analogs and that he gives in another table 24 anti- 
metabolites for pantothenic acid alone. The author’s favored 
hypothesis concerning the mechanism of antimetabolic activity 
is the concept that the antimetabolite forms a complex with an 
enzyme or another protein with which the normal metabolite 
reacts and that, in contrast with normal conditions, the enzyme- 
antimetabolite complex cannot be converted into the normal 
products. While this view can be applied directly, or with some 
auxiliary assumptions, to many cases, some remain for which it 
is not entirely satisfactory. For example, the author points out 
that it is difficult to see how the above theory can explain the 
stimulation of organisms by subinhibitory concentrations of some 
antimetabolites. In other chapters the spectrum of activity of 
antimetabolites, their natural occurrence and significance, is 
discussed. Of special interest here is that in some cases naturally 
occurring antimetabolites apparently are directly causing 
disease. It is obvious that antimetabolite activity of certain 
compounds has great possibilities in chemotherapy and pharma- 
cology, opening new ways for the explanation of drug activity 
and offering one avenue to a rational chemotherapy, as contrasted 
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to indiscriminate drug screening. These aspects are discussed 
in two chapters, while one is devoted to the applications to 
biochemistry where, amongst other applications, the antimetabo- 
lites may serve to trace certain metabolic pathways, or be used 
as specific inhibitors of some enzymes, Chapter 10, entitled 
The Designing of Antimetabolites, is of special interest to chem- 
ists, showing as it does the chemical alterations that so far 
have been used to change physiologically important compounds 
into antimetabolites. In a final chapter practical hints are given 
for the synthesis and testing of antimetabolites. This book will 
unquestionably be of the greatest value to many different workers: 
physiologists, biochemists, microbiologists, and pharmacologists. 
It is clearly written and contains numerous structural formulas. 
It has a bibliography of 500 references arranged as they appear 
in the text and hence no substitute for a missing author index. 
It has an index of structural formulas and a rather short subject 
index. 


THEODOR VON BRAND 
NATIONAL INstITUTES OF HEALTH 
BeruespA, MARYLAND 


ca CRYSTAL STRUCTURES. VOLUME II 


Ralph W. G. Wyckoff, Laboratory of Physical Biology, National 
Institute of Arthritis and Metabolic Diseases, Bethesda, Maryland. 
Interscience Publishers, Inc., New York, 1951. ix + 509 pp. 
74 figs. 256 tables. 22 X 25 cm. Loose leaf with binder. 
$10. (First Supplement to Volume I. 195]. ix +136 pp. 64 
tables. 22 X 25cm. Loose leaf. $4.) 


THE second volume of this monumental work maintains the 
high standard set by the first. (For review, see J. Cuem. Epuc., 
26, 289 (1949).) Compounds of the types Rna(MX,)p and 
Rx(MXm)y, hydrates and ammoniates, and aliphatic compounds 
are systematically and thoroughly covered. As in the previous 
volume, drawings are presented, illustrating the different struc- 
ture types; tables of unit cell dimensions, symmetry classes, 
and atomic coordinates are given; and brief descriptions of each 
structure and its relationship to others are included. The author 
has attempted to cover the literature on this subject completely 
and he has certainly approached this ideal closely. 

The First Supplement to Volume I comprises loose leaf sheets 
to be inserted in the binder containing the previously published 
chapters. This procedure enables one to keep the compilation 
much more nearly up to date than would be possible if the work 
were published in ordinary book form. 

Again the reviewer wishes to recommend this publication as 
an authoritative, essentially complete source of information on 
the results of crystal structure analysis. 


MAURICE L. HUGGINS 
Kopak RESEARCH LABORATORIES 
Rocuester, New York 


e TEXTBOOK OF ORGANIC CHEMISTRY 


George Holmes Richter, Professor of Organic Chemistry and 
Dean, The Rice Institute, Houston, Texas. Third edition. John 
Wiley & Sons, Inc., New York, 1952. vii + 762 pp. 17 figs. 
85 tables. 15.5 X 23.5cm. $6.75. 


IN FORMULATING the third edition of this text, the author 
has continued his objective, that is, to offer the beginning student 
a well-modulated, comprehensive, and intensive treatment of the 
fundamental concepts, reaction syntheses, and nomenclature of 
organic chemistry. Obviously, the text offers the student an 
opportunity to obtain at least a nodding acquaintance with a 
lot of organic chemistry. Because of the immensity and fertility 
of organic chemistry, the attainment of ultimate proficiency, 
if this is possible, is a gradual process. Any student who digests 
this text should be a respectable resident of the “first stage’ 
of proficiency. 


JOURNAL OF CHEMICAL EDUCATION — JUNE 
For the most part, the text is written and arranged in the con. — The di 
ventional manner. The discussion of the aliphatic series oo. § stants 
cupies 352 pages, the aromatic series, 173 pages. The carbo. types 
hydrates, amino acids, proteins, terpenes, and sterols (77 pages) J Obviot 
are presented in consecutive chapters following those on the The 
aromatic series. At the end of the book there are three chapters J attract 
(45 pages) on heterocyclic systems, ureides, purines, and the } Only 4 
common alkaloids. No formal attempt has been made either to | nately, 
stress electronic interpretations of the common reactions or § though 
to emphasize the electronic configurations of molecules. How. Eacl 
ever, many reaction mechanisms are described adequately. sonal } 
The following changes made in this revision are perhaps the § experie 
most significant. Discussions of the electronic configuration of  Becaus 
certain elements, nuclear structure, isotopes, and molecular § sible tc 
orbitals have been expanded. The mechanism of the reactions everyo! 
of unsaturated systems, resonance phenomena of many unsatu- § offer a 
rated systems, dipole-dipole interaction, the displacement reac. § He has 
tion, and biosynthesis of sugars are presented. The modem 
conventions concerning the optical nomenclature of sugars and —— 
amino acids are included, although only the “elongated” pyranose at 


and furanose structures of the sugars are illustrated. 

The text contains several commendable features. Of these, 
the syntheses of isotopically labeled molecules, the section on 
the Grignard reaction, and the problems at the end of each® @ 
chapter are perhaps most prominent. 


The author’s style is essentially quite lucid and readable, Edited 
However, at times his exposition seems somewhat precarious, John W 
For example, certain sections of the text contain statements trated. 
concerning organic acids, bases, and salts which appear to lack In A 
preciseness, mainly because of an indefinite distinction between formati 
the phenomena of dissociation and ionization. contain 

Teachers of organic chemistry who are considering adoption ot that 
of a different text for their beginning course might well give this The | 
volume serious consideration. phase 

DONALD C. GREGG § Metals; 

UNIVERSITY OF VERMONT represel 

BURLINGTON, VERMONT authors 
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. PRACTICAL ORGANIC CHEMISTRY from its 
Arthur I. Vogel, Head of the Chemistry Department, Woolwich shows 
Polytechnic, London. Second edition. Longmans, Green ani per 
Co., Inc., London and New York, 1951. xxiii + 1033 pp. Tus “De™st 
trated. 16 X 25.5cm. $10. =", 
pating 1 

Tuts monumental book, like its predecessor, is an exceptionally 
inclusive collection of experimental techniques, descriptions o/ Ha 
apparatus, and syntheses for use in the instructional organie Haves 
chemistry laboratory. The unusual scope of this manual has 
been duly noted in reviews of the previous edition. A text whieh 
contains over 600 preparations, over 300 diagrams of apparatus e 
185 pages of general experimental techniques and a reasonably 
adequate section on qualitative organic analysis would obvious) George 
be prominent among books of its type. College, 

Most of the text is identical with the first edition, so it calf Science, 
hardly be called a revision. The principal additions and change Edition. 
occur in the appendix, the index, and the chapter on qualitativi§ 426 figs. 
organic analysis. The last has been expanded somewhat, in pa 
by the addition of a table of bond refractions for the D-line. The THE fi 
main additions in the appendix are certain reactions in liquilff ‘ext is e: 
ammonia, certain applications of N-bromosuccinimide, the Wolf clearly d 
Kishner reduction, certain reductions with lithium aluminum ¢ach cha 
hydride, cyanoethylation, and syntheses with organolithium raphy in 
compounds. The section on the Dyson system has been reviseijg 'ncludes 

Because of the size and intended scope of this book it is img “"e nume 
evitable that certain omissions and questionable arrangement and sign 
may attract undue criticism. It is not the intention of this rag USually c 
view to do this. However a few points come to mind. Exper Less e 
ments and preparations which involve the polysaccharides, t hook. ] 
large fatty acids, and the simple olefins may seem meager. Sym “ne ma; 
theses for glycine and norleucine are described, but  peptit rm 
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The dispersed mode of placement of the tables of physical con- 
stants and the methods for the characterization of common 
types of organic compounds is somewhat unconventional. 
Obviously, unconventional need not mean unsatisfactory. 

The clarity of the diagrams, the neatness of the tables and the 
attractive format of the text create a very favorable impression. 
Only a few minor typographical errors were noted. Unfortu- 
nately, the word, Soxhlet, is misspelled at least a dozen times, 
though it is spelled correctly in places. 

Each teacher and student of organic chemistry has his per- 
sonal opinion as to what constitutes an adequate, practical 
experience in organic chemistry for the undergraduate chemist. 
Because of these myriad viewpoints it would seem almost impos- 
sible to encompass in a single volume enough material to satisfy 
everyone. Dr. Vogel’s ambitious and admirable attempt to 
offer a complete experience in a single volume is noteworthy. 
He has written a book which undoubtedly will have wide appeal. 


DONALD C. GREGG 
UNIVERSITY OF VERMONT 
BURLINGTON, VERMONT 


* PHASE TRANSFORMATIONS IN SOLIDS 


Edited by R. Smoluchowsky, J. E. Mayer, and W. A. Weyl. 
John Wiley & Sons, Inc., New York, 1951. x + 660 pp. Ilus- 
trated. 14.55 X 22cm. $9.50. 


In Aucust, 1948, a four-day Conference on Phase Trans- 
formations in Solids was held at Cornell University. This book 
contains the text and discussion of 17 papers which were presented 
at that conference. 

The first six papers deal with theoretical physical aspects of 
phase transformations; the next six are concerned with non- 
metals; and the last five with metals. Much of the material 
represents the results of the current researches of the various 
authors, 

Since the audience to which the papers were addressed consisted 
of specialists, invited because of their interest in this field, the 
book as a whole is rather advanced for the general reader. Aside 
from its value to specialists in the field, it is of interest because 
it shows how a variety of points of view can be used to illuminate 
a particular subject. According to the Foreword, physicists, 
chemists, metallurgists, ceramists, and crystallographers were 
among those who joined in presenting the papers and partici- 
pating in the discussion. 


: WILLIAM E, CADBURY, Jr. 
HAVERFORD COLLEGE 
HAVERFORD, PENNSYLVANIA 


. CHEMISTRY IN ACTION 


George M. Rawlins, Professor of Chemistry, Austin Peay State 
College, Clarksville, Tenn., and Alden H. Struble, Teacher of 
Science, Western High School, Washington, D. C. Second 
Edition. D. C. Heath and Co., Boston, 1952. vi + 575 pp. 
426 figs. 58 tables. 17 X 24cm. $3.60. 


Tue furniture of this second edition of a high-school chemistry 
text is excellent. Words in the glossary are carefully chosen and 
clearly defined. There is a useful list of references at the end of 
each chapter and these lists are collected into a scholarly bibilog- 
raphy in the appendix. The collection of nearly 200 film titles 
includes short descriptions, running times, and sources. There 
are numerous pictures throughout the book, all of them interesting 
and significant. The index covers nearly 20 pages and is un- 
usually complete. 

Less enthusiasm may be aroused by the organization of the 
hook. Forty-six chapters ate placed in nine units. These 
ine may not seem too many to those who like “units,” but 46 
chapters means considerable stopping and starting, even though 
the intersections are disguised by running the start of a chapter 
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on the same page as the concluding paraphernalia of its predeces- 
sor, and by the occasionally forced device of calling each chapter 
a problem. Because each chapter is divided into 15 or 20 
smaller problems, the supply of significant questions rapidly 
dwindles and it once or twice becomes necessary to head a chapter 
section with a trivial query. Each page of text is divided into 
two columns. All these devices, diligently used, give the text 
a broken appearance. 

Unifortunately, this broken appearance masks any continuity 
that the book might otherwise show. Hence, with the exception 
of three chapters on the periodic table, the writing seems to be 
as descriptive as the pictures. With no well-developed central 
theme to hold student interest, the authors make use of numerous 
applications of chemical principles. They are most successful 
with the section on organic chemistry. This section is clear and 
orderly and consists of six chapters. 

The rest of the book contains much information, interesting, 
up to date, and, generally speaking, accurate. Representative 
equations and calculations are chosen that should suit the ca- 
pabilities of most high-school students. 

“Chemistry in Action” will probably enjoy some popularity 
for it is a good example of a method that is being tried in order 
to increase the study of chemistry in high schools. In general, 
the method means the presentation of less theory, the giving of 
more applications, and the removal of some of the difficulties. 


BENTLEY EDWARDS 
Cuico State 
Cuatco, CALIFORNIA 


* MONOMERS. SECTION II 


Edited by E. R. Blout, Polaroid Corp., Cambridge, Mass., and 
H. Mark, Polytechnic Institute of Brooklyn. Interscience Pub- 
lishers, Inc., New York, 1951. vii +257pp. 13 figs. 29 tables. 
17 X 24.5cm. $5. 


Tuis second section of “Monomers” follows the first in accord- 
ance with the original plan and contains six chapters, the names 
and authors of which are: “Acrylic acid,’ John T. Clarke, 
Massachusetts Institute of Technology; “Esters of acrylic acid,” 
John T. Clarke; “Esters of methacrylic acid other than methy] 
methacrylate,” Richard S. Corley, Polaroid Corporation; ‘‘N- 
vinylearbazole,” Kurt C. Frisch, General Electric Company; 
“Vinyl esters,”” C. E. Schildknecht, General Aniline & Film 
Corporation; and “Vinylpyridine,” Harry Frisch. 

The substances treated can all be polymerized and therefore 
are of special interest at this time. The chapter on esters of 
acrylic acid lists 86 esters, and the chapter on esters of metha- 
erylic acid lists 159 esters, both with structural formulas, physical 
properties, and references. All chapters contain laboratory and 
industrial methods of preparation, chemical and physical prop- 
erties of the compounds, toxicity, analysis, methods of poly- 
merization, and an excellent list of references. Since the chapters 
are by different authors it is expected naturally that the writing 
would be different and one can be sure that it is, although in 
general it is well done. The lists of references are large but do 
not go beyond 1948, some not beyond 1947. 

Reactions are frequently written in very good structural 
formulas and errors are few. The first structural formulas on 
page 24 of ‘Esters of methacrylic acid’’ require revision. The 
organic nomenclature is adequate although some errers have 
crept in. Phosphorus is frequently misspelled phosphorous. 

The chapters consist of 19 to 86 pages, are printed from type- 
written copy by the planograph method, and can be included in 
the loose-leaf binder of Section I. 

On the whole this section has been written more carefully than 
the first section and is worth while to those interested in this 
general subject. 


HARRY L. FISHER 
SyntTHeric RuBBER Division 
RECONSTRUCTION FINANCE CORPORATION 
Wasnrnaton, D. C. 
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Ad THE THERMODYNAMICS OF THE STEADY STATE 


K. G. Denbigh, University Lecturer, The Chemical Engineering 
Laboratory, Cambridge. Methuen and Co. Ltd., London. John 
Wiley & Sons, Inc., New York, 1951 vii + 103 pp. 11 X 17cm 
$1.75. 


Tuts is the second book on the same subject that has appeared 
recently. The first was reviewed in the January number of 
Tuis JourNAL. This book, one of ‘“‘Methuen’s Monographs 
on Chemical Subjects’ is attractively designed and well written. 
The nature of its contents can be presented in the author’s 
own words by using quotations from the introduction and by 
giving a list of the chapter headings. ‘“... there has been an 
important development, which has become known as the ‘ther- 
modynamics of irreversible processes.’ A more appropriate 
name would be the ‘thermodynamics of the steady state.’... A 
rather abstruse literature of the subject has developed and it 
has seemed worth while to attempt a simple interpretation of its 
content and an explanation of the main ideas... the theory 
leads to results which are useful only for certain types of process, 
such as thermal diffusion.” 

In the foregoing clause, the inaccurate use of the word “‘proc- 
ess’’ is typical of this and several other books. The expressions 
“spontaneous change” and “spontaneous process’ should not 
be used interchangeably. ‘‘Process’’ means the method of carry- 
ing out a given change. (To use the dictionary example: the 
process of making steel.) Actually, a given spontaneous change 
theoretically can be carried out by a reversible process or by an 
irreversible process. 

The chapter headings are: (I) Introduction, (II) The Thomson 
Hypothesis Applied to Thermal Migration Phenomena, (III) 
Onsager’s Theory, (IV) The Rate of the Entropy Increase in 
Natural Processes, (V) Some Applications of the Theory; Ther- 
mal Migration, Diffusion Potential, Ete., (VI) Thomson’s Hy- 
pothesis in Relation to the Theory of Onsager. 


Ww. F. LUDER 
NORTHEASTERN UNIVERSITY 
Boston, MASSACHUSETTS 
® ALCOA: AN AMERICAN ‘ENTERPRISE 


Charles C. Carr. Rinehart & Co., Inc., New York, 1952. ix + 
292 pp. 11 plates. 15 X 24.5cm. $3.50. 


livery schoolboy knows about Charles Martin Hall and his 
discovery in his woodshed laboratory of the commercial process 
for aluminum. Not well known is the struggle to commercialize 
the process invented by Hall. This book is a history of that 
struggle by the original company, Pittsburgh Reduction Com- 
pany, the name of which was changed in 1907 to the Aluminum 
Company of America. 

The author is a former director of public relations of Alcoa who 
had access to the company files and to the men acquainted with 
the history of the company. From both he has drawn important 
information concerning the men who were responsible for the 
growth of the company and the formulation of company policy. 
From force of habit he crowns this gentle giant with a halo of 
shining aluminum. 

A brief opening chapter describes Charles Martin Hall and 
his discovery of the electrochemical process for aluminum. 
Later in the book, in another chapter on the research accomplish- 
ments of the company, some of Hall’s later work on alumina 
processes is mentioned. Little known is the fact that Hall 
spent a number of years working on the fuel cell, the direct 
conversion of fuel to electric energy in an electric cell. Francis 
C. Frary is little more than another name in the book, though it 
is mentioned that Frary received in 1944 the Perkins Medal 
which had been awarded Hall in 1911. 

The various legal battles of Alcoa with the government are 
described in sonie detail to make clear Alcoa’s viewpoint. Chap- 
ters are devoted to the growth of the company in the two World 
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Wars and intervening period, labor relations of the company, 
entry into the magnesium industry, and the rise of formidable 
competition in the postwar era. 

This book is an interesting, though not objective, history of g 
great company, made great by men of ability, foresight, and te. 
nacity, 

KENNETH A. KOBE 

University or Texas 

Austin, Texas 


* THE LIPIDS. VOLUME I: CHEMISTRY 


Harry J. Deuel, Jr., Dean, Graduate School and Professor oj 
Biochemistry, University of Southern California, Los Angeles, 
Interscience Publishers, Inc., New York, 1951. xxiv + 982 pp, 
95 figs. 6 plates. 16 X 23.5cm. $18.50. 


As A RESULT of the amazing advances in chemistry and bio- 
chemistry during the last few decades a formidable task confronts 
a writer who attempts to present a comprehensive picture of the 
present state of knowledge of any large subdivision of biochemis- 
try. However, such is the purpose of the author of “The Lipids,” 
His stated objective is the correlation of the available information 
as to the various components included under the classification 
of lipids. The present volume is devoted to the chemical ap- 
proach to the subject. A second volume will be concerned with 
biochemical and nutritional aspects of the lipids. The author 
considers it imperative that consideration be given to “.. all 
the lipid-like components present in the animal body.” One 
gets the impression that this objective must be closely approached, 
A description will be found of the outstanding compounds 
in the lipid class and also many unusual and rarely encountered 
substances present in plant and animal species. 

Following an introductory chapter on the characteristics and 
classification of the lipids, 300 pages are devoted to the chemical 
and physical properties of fatty acids, glycerol, and glycerol 
esters. A detailed account is given of the distribution, structure, 
isomerism, and properties of the many saturated, unsaturated, 
and substituted fatty acids found naturally. The constants 
used for identification of oils and fats, rancidity, drying proper- 
ties, antioxidants, and synthetic glycerides are fully treated. The 
same completeness of coverage is found in the chapters on waxes, 
sterols, phosphatides, and cerebrosides. The chemistry of the 
carotinoids, particularly as provitamins A and the chemistry of 
Vitamin A are presented in great detail with full description of 
the synthetic and other methods that have given our present day 
knowledge. Vitamin D and its provitamins, Vitamins K and E 
are similarly considered in detail. 

Each chapter is fully documented with literature citations as 
footnotes. Author and subject indexes appear at the end of the 
book and an index listing generic names of plant and animal 
sources of lipids. 

It is impossible in a short review to allude to the many ap- 
proaches to the chemistry of the lipids that are discussed in this 
volume. Not the least enjoyable for the reader is the historical 
development of each topic and reference to the physiological or 
other interest when such is associated with the compounds under 
discussion. 

In late years the presentation of a large topic in biochemistry 
frequently takes the form of chapters contributed by several 
authors. In so doing, a continuity of style is lost, duplications 
and omissions are frequent; and variations occur in the extent to 
which detail of the subject is presented. Such lack of uniformity 
and cohesiveness does not enter into this volume, prepared, as it 
is, by a single writer. 

This is a splendid book and one looks eagerly for the appearance 
of Volume IT of ‘The Lipids.” 


F A. CAJORI 
UNIVERSITY OF COLORADO 
ScHoo, oF MEDICINE 
DENVER, COLORADO 


Rea 


p 


H 


Please n 


pose 
mann 
3 
N 
; 
4 


e 
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idable 
y of a . 
nd te. ‘“‘The manuscript gives evidence that the author has a 
broad, well-correlated grasp of the entire field of chemis- 
, try as it relates toeveryday life. It presents in an interest- 
ing, original, well-thought-out fashion many of the 
things the student wishes to know about the practical 
aspects of chemistry.” 
: ‘‘This book indicates a great amount of work, very 
geles, good balance, and good organization and presentation. 
2 pp. “The author has consistently kept in mind the type 
‘id of student for whom this was written.” 
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The p mM MNGY, 1952 student learns something of the chemistry of everyday life. The author 
bp has limited the terminology and firmly tied abstract concepts to 
try of ; concrete examples throughout the book to avoid drowning the be- 
ion of ginner in a sea of technical terminology. The chemistry of groups of 
ay substances as they occur in nature and in daily life is the key to the 
presentation. 
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under HERE IS A BOOK which gives a thorough 
; Elwood Heiss grounding in sound teaching principles and practices 
nistry MODERN by for the prospective elementary and secondary school 
evers Ellsworth Obourn science teacher. A revision of MODERN METHODS 
mre SCIENCE & MATERIALS FOR TEACHING SCIENCE, this 
vnill Charles Hoffman book is not limited to discussions of methods and 


materials; it covers with fullness and detail all 


TEACHING phases of science teaching and, in addition, provides 
wrance complete information on how to equip a science 


room. 1950 — $4.50 
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ELECTRIC 


BURRELL 


FURNACES 


FOR SCIENTISTS EVERYWHERE 


To you—the chemists, metallurgists and laboratory tech. 
nicians with whom we have been privileged to work through 
the years—belongs the credit for Burrell’s leadership as 
supplier of electric furnaces for analysis, control and pro. 
duction. You told us your needs; we developed apparatus 
to meet those needs. As a result of this cooperation, many 
improvements have been made for easier operation, greater 
safety and dependable operation. Today, Burrell offers as 
comprehensive a line of high and low temperature furnaces 
as can be found in any one source. 


eee 


BurRELL Unit-PackaGe Box AND Furnaces are 
designed for either low or high temperature operation. In 
a range from 600° F. to 2000° F., you can perform efficiently 
such functions as ashing, drawing, igniting, tempering. 
Above 2000° F. and on into the high white, these versatile 
units are equally adaptable for such services as sintering, 
melting, clinkering, fusing and high speed 
hardening. All are ruggedly built and easily 
operated. Temperature control is automatic. 
Burrell Bulletin No. 315 provides all needed 
data about five different models. 


Unir Packace Tuse Furnaces are for determin 
ing carbon or sulfur in ferrous analysis and any other 
similar procedures which require continuous operating 
temperatures up to 2650°F. Various models are offered t 
answer individual requirements for limited use, average 
use or high speed production. All are self- 
contained and fully equipped furnace units, 
ready for connection to your power supply. | 
They are easy to install and simple to operate ff I | 
and will reward users with long, trouble-free [baad 
service. Ask for Burrell Bulletin No. 310. 


BuRRELL ComMBUSTRON is a new high frequency induction 
heater for rapid determination of carbon-by-combustio 
analysis in steel. Accuracy with coarse, fine or pin-typ 
samples has been proved by extensive tests. The Combustrot 
is always ready for continuous or intermittent use. It is4 
self-contained, fully equipped instrument ready to plug 
into the power supply and put to immediate 
use. No pre-heat time is needed; you insert 
the sample and snap the switch. A one tube 
model is offered for average use, a two-tube 
model for heavier production. Write for 
Burrell Bulletin No. 319. = 


BURRELL corporation 


2223 FIFTH AVENUE, PITTSBURGH 19, PENNSYLVANIA 


MANUFACTURERS AND DISTRIBUTORS OF SCIENTIFIC APPARATUS AND LABORATORY CHEMICALS 
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Volcanic Heat.May Solve Power 
Problems 


Large-scale utilization of volcanic power 
may soon help to solve growing fuel prob- 
Jems, according to recently published ob- 
servations of a geologist. Energy avail- 
able from gas vents and hot-spring waters 
of voleanic regions is of fantastic propor- 
tions, he declares, and man now has suf- 
ficient knowledge to permit the tapping of 
this reserve. 

Heat given off in volcanic eruptions 
comes from an extremely hot shell of ma- 
terial, far underground, which becomes 
liquid magma when pressures are reduced 
by the cracking of rocks above, or when 
temperatures rise through radioactive 
heating. The magma rises wherever it 
finds an opening, and its contact with 
ground water produces steam—and often 
violent explosions. During most eruptions, 
gas pressures may range from 700 to 20,000 
lbs. per square inch. This power has al- 
ready been put to use in Iceland for heat- 
ing buildings and in Italy for generating 
electricity and for heating fields to raise 
unseasonal crops. Some of these wells 
furnish large amounts of chemicals, includ- 
ing boric acid, borax, ammonium carbon- 
ate, and carbon dioxide. Acidity of the 
vapors is one of the technical difficulties 
standing in the way of large-scale ex- 
ploitation of this energy, it is said, but 
wider use is possible in the future. 


New Instrument for Automatically 
Measuring Water Content 


Beckman Instruments, Inc., has re- 
cently developed a new type of instrument 
known as the Beckman Aquameter which 
permits water content determinations to 
be made with maximum convenience, 
accuracy, and simplicity—and completely 
automatically. 

The instrument using the Karl Fischer 
technique, consists of an electrically con- 
trolled titrating unit into which the 
sample is introduced. A knob on the 
control unit is then set—and the instru- 
ment completes the titration automati- 
cally without further attention from the 
operator. Normally, only 1 to 2 minutes 
are required for a complete determination. 

According to the manufacturer most 
titrations can be reproduced with this 
instrument to an accuracy within 0.5%. 
In addition, the instrument distinguishes 
between true and apparent end points . . . 
permits rapid, successive determinations 
without resetting controls or emptying 
the sample container . . . and its accuracy 
is independent of the color, composition, 
or turbidity of the solution. 

The Beckman Aquameter operates on 
standard 115-volt, 50-60 cycle a.-c. cir- 
cuits and utilizes the “dead stop” tech- 


nique recommended by the U. S. Pharma- 
copeia. For complete information on this 
new Beckman development, write for 
Bulletin 276-36, Beckman Instruments, 
Inc., South Pasadena, California. 


Surface Thermometer 


Pacific Transducer Co., 11921 West 
Pico Blvd., Los Angeles 64, California, 
has announced a surface temperature 
thermometer, 2 in. in diameter, for the fast 


AT YOUR 
LABORATORY 
SUPPLY DEALER 


420-C 
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and accurate checking of the outside tem- 
perature of pipes, walls, and other sur- 
faces. 

The instrument may be quickly and 
easily affixed to any flat surface by apply- 
ing a small amount of silicone grease, 
which is supplied with the instrument, and 
sticking the thermometer in place. This 
silicone grease holds the instrument 
throughout its operating range of tempera- 
ture, and provides an excellent thermal 
coupling between the surface and the in- 
strument. Also with the thermometer is 
furnished a small magnetic clamp which 
will hold it securely in place when apply- 
ing it on steel dies or other ferrous surfaces. 

The thermometer has been thermody- 
namically designed to indicate the tem- 
perature from the back of the instrument 
only. A_ highly reflective « 7aporated 
mirror on the dial insures the thermal ele- 
ment against external radiation. The 
range is 0° to 300°F. calibrated in 2° in- 
crements, 


NOW, 
YoU KNOW 


J pp 


Yes! Now, you know when 
you specify TYGON, you get 
TYGON. For every foot of 
genuine TYGON TUBING is 
permanently branded with 
the name and formulation 
number. 


TYGON is the finest flexible, 
plastic tubing made. It’s glass 
clear, non-toxic, non-contami- 
nating, and resistant to vir- 
tually all chemicals. Don’t 
accept substitutes. Insist on 
the best. Insist on TYGON. 


THE U. S. STONEWARE CO. 
PLASTICS & SYNTHETICS DIVISION 
AKRON 9, OHIO 
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MICRO 
OXYGEN 
BOMB 


The 50 ml. No. 1103 micro oxygen 
bomb is a recent addition to the 
family of Parr oxygen bombs recom- 
mended for the determination of sul- 
fur, chlorine and other elements in 
small samples weighing from 50 to 
400 milligrams.(*) The bomb is self- 
sealing, made from corrosion resistant 
alloys and requires no liner. Oxygen 


to one- 
feature 
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is admitted and residual gases released Other Parr oxygen bombs include: 
through a single manually operated A. No. 1101, double valve, self sealing, 360 ml. 
eedl I Th lati ‘ f the B. No. 1102, single valve, self sealing, 360 ml. 
SSeaEe Weve. e relative size oO C. No. 1002, double valve, manually sealed, 380 ml. 
1103 micro bomb is shown at E. D. No. 1104, double valve, manually sealed, 240 ml., high pressure type. 
*Anal. Chem., 23, 1008-11 & 23, 1011-13 (1951) Ask your Parr dealer, or write to the factory for details concerning any of the Parr oxygen bomb 
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New 
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Precision built — accurate — rugged — service- 
and pet 
able —beautiful. The only student balance, try is. 
at this price, equipped with black glass base. med L, 
The n 
Model 200. Price $110 each. AO Spe: 
Capacity—200 Grams each pan: Sensitivity—0.1 mg. tion thr 
Voland Balances are Guaranteed to Perform in Accordance with Federal Specifications. a8 62 
See your Laboratory Apparatus Dealer for Details. a os 
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New Line of Torsion Laboratory 
Balances 


After extensive research and develop- 
went, the Torsion Balance Co. has an- 
nounced a new line of laboratory balances 
styled by Carl Otto, winner of the 1951 
Industrial Designers Award. Constructed 
m the torsion principle, these labora- 
fory balances are not susceptible to the 
inaccuracies caused by dust and dirt. A 
new oil dash pot that cuts weighing time 
fo one-fifth of that formerly required is 
featured. In addition, a wide range of 

uated beams has been designed for 
ease of reading and speedy operation. 
And, the slide weights on the graduated 
beams will not cock and introduce errors. 
These new Torsion Laboratory Balances 
are finished in a smooth, chemically re- 
sistant, baked enamel, and all metal parts 
have been made as corrosion resistant as 


possible. 


Wear and the resulting inaccuracies in 
weighing have been practically eliminated 
by the use of the torsion principle, for 
this principle more closely approximates a 
theoretically perfect fulcrum (movement 
about an axis without friction) than any 
othermethod. The entire weighing mech- 
anism is virtually one piece with no loose 
parts to cause faulty operation. Thus, 
with reasonable care, the initial high accu- 
racy of the Torsion Balance remains con- 
stant for its long life. 

The new Torsion Laboratory Balances 
are available with round pans, flat pans, 
orscoops. Provisions for taring containers 
up to 16 ounces on balances with 4!/2 
kilogram capacity and up to 8 ounces on 
balances with a 2 kilogram capacity have 
been made. 


New Polarizing Microscope 


A new simplified polarizing microscope 
for crystallography, chemical microscopy, 
and petrography in education and indus- 
try is announced by American Optical 
Co., Instrument Division, Buffalo 15, 
New York. 

The new P45 microscope utilizes quality 
AO Spencer optics and precision construc- 
tion throughout. All worth-while features 
are included for teaching and laboratory 
work at magnifications up to 430X. The 
cost of the microscope is about one-third 
that of existing instruments. 

Built into the stable, completely enclosed 
substage is a permanently aligned “full 


field” illuminator providing excellent opti- 
cal performance with apertures up to 0.66. 
Moving the microscope does not disturb 
illumination or other adjustment. The 
substage polarizer consists of a special 
polarizing disc mounted between optical 
glass and placed above a heat-absorbing 
plate. A disc-type diaphragm allows rapid 
selection of 5 different size apertures. 
Rotable stage has 5° graduations. Angle 
measurements can be estimated readily 
to one degree. The single, large ring- 
type stage clip accommodates 45- and 
75-mm. slides. 

The P45 pm sroscope is operated in 
reverse pos’..on. This permits a clearer 
view of ’.e stage, specimen, objectives, 
and ad istments. Focusing knobs are 
placed sw and away from the body, allow- 


ing forearms to rest comfortably on the 
table. A slot in the body tube accommo- 
dates all standard compensators. Double, 
triple, or quadruple nosepieces may be 
selected—all of time-tested dual cone con- 
struction with strong leaf spring stop for 
positive optical alignment. 

Rapid and critical focusing is possible 
with the single, dual-knob adjustment. 
“Spring-loaded,” it self-compensates for 
wear, eliminates backlash, and makes it 
impossible to rack objectives through 
specimen slides. 

Either a pinhole eyepiece or special 
telescopic eyepiece is used with the AO 
P45 microscope for observing interference 
figures. Standard diameter eyepiece tube 


accomodates measuring accessories. A 
catalogue is available on request. 
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Oak 


in all its natural beauty 


For your laboratory— 
famous Kewaunee custom 
quality furniture in beauti- 
ful, long-lasting, natural 
finish oak. Oak—the steel 
of woods—for rugged serv- 
ice, long life. Oak—in nat- 
ural finish—to brighten 
your laboratory, speed 
your work. 


Specify oak—readily available—for durability and 
attractiveness. Specify Kewaunee—for finest custom quality, 
at extremely modest cost. Write today for a free 

copy of our catalog of Scientific Laboratory Equipment. 


Representatives and sales offices in principal cities 
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NATURAL 
GAS 


A 'pipe line containing Natural Gas 
from Texas has been put into operation 
not too far from our plant. Since we 
are interested in all types of gas, we ac- 
quired a compressor and building on 
the pipe line, and began compressing 
Natural Gas at 2,000 pounds pressure 
into our six different sizes of cylinders. 
We were very pleased to learn that 
this gas contained approximately 93% 
methane; and many of our customers have 
found it useful for a variety of purposes. 
We have even shipped it back to Texas. 


We also stock at both our East Ruther- 
ford, New Jersey and Joliet, Illinois 
plants a “Type A” Natural Gas. We 
build this up from its components so it 
closely duplicates the ‘Type A” Natural 
Gas used by the American Gas Associa- 
tion to check gas burners. 


Pure 


Oreanic 


Chemicals 


Over 2500 organic chemicals stocked 
for immediate delivery. Included are 
all the building blocks needed by the 
chemist in industry, the research labo- 
ratory or the university. 


The purity of each Matheson organic 
chemical is guaranteed by our strict 
laboratory controls. 


If you do not have our Price List No. 10 
in your files, write for a free copy. 


THE MATHESON CO., INC. 


EAST RUTHERFORD. N J. JOLIET, ILL 


Tow avatatle ... 


Acenaphthylene; 


Acetobromoglucose; Acetonedicarboxylic Acid 
a-Acetylindole; 3-Acetylpyridine; Acetylthiocholine lodide; cle. 
Aconitic Acid; Acridine Hydrochloride; Adenosine Diphosphate 
Adonidine; Alany! lycine; Alkaloids; Amylase, 
Anserine; Arachidic Acid; Arachidonic Acid; |-Argininamide; 
o-Arsanilic Acid; Atropic Acid; Bacitracin; Behenic Acid; Carbo. 
benzoxychloride; Carnosine; Catalase cryst.; Cellulase; Cerotic Acid; 
Ceryl Alcohol, a-Chloralose; 6-Chioralose; p-Chloroanilidophar, 
phonic Acid; p-Chloromercuribenzoate; Cholesterol Esters; Circula. 
tory Hormone; Clupein; Collagen; s-Collidin; Columbium Chloride, 
Copper Glycinate; Dehydroascorbic Acid; Desoxycorticosterone 
Glucoside; Desthiobiotin; Dialuric Acid; Dibromosalicylaidehyde; 
Dihydroxyacetone Phosphate; Diisopropy! Fluorophosphate; Dithiol; 
Endosuccinic Derivatives; Enzymes; Equilenin; Equilin; Erucic Acid; 
di-Ethionine; Ethylenediamine Tetraacetic Acid; Ethylpyridinium 
Bromide; Fructose-6-Phosphate; Gitoxin; Glucoascorbic Acid; Gluco. 
sides; Glucuronides; Glyceraldehyde Phosphate; Glycylglycylglycine; 
Glycylleucine; Glycyltryptophane; Glycyltyrosine; Heparin; Hexo. 
kinase; Hyaluronic Acid; 4-Hydroxyacridine; 8-Hydroxyglutamic 
Acid; a-Hydroxyphenazine; 12-Hydroxystearic acid; lodoacetamide; 
0-lodosob i cid; | bic Acid; Isocitric Acid; Isocytosine; 
Kynurenic Acid; Lactobionic Acid; Leucylglycine; Leucyltyrosine; 
Lignoceric Acid; Lithium Amide; Margatic Acid; Menthol Glucuron-. 

le; B-Mercaptopropionic Acid; Mescaline Sulfate; Mesocystine; 
Methyl-bis-Chlioroethylamine; 8-Methylerotonic Acid; 3-Methyl. 
cytosine; Methylnonylketone; §-Naphthaleneacetic Acid; N-Naph- 
thyl-N’-diethylpropylenediamine; Naphthyl Red; Neurine Bromide; 
Nitrosomethylurea; Nordihydroguaiaretic Acid; Osmic Acid; Para. 
banic Acid; Penicillinase; Peroxidase; Phenolohthalein Glucuronide; 
Phenylpyruvic Acid; Phosphopyruvic Acid; Phthiocol; Pregnenolone; 
Protocatechuic Acid; Purourogallin; Pyocyanine; Pyrimidine; Reductic 
Acid; Sodium Amide; Sodium Fluoroacetete; Sphin- 


gosine; Stilbamid ; loride; o-Ter- 
phenyl; m-Terphenyl; p-Terphenyl; Thiomalic Acid; 8-Tocopherol; 
herol herol Phosphate; +-Tocopherol Phosphate; 


tigonelline; "Tropic Acid; Tyrosinase; Urease cryst.; Uridine; Uro- 
bilin; Ursolic Acid; Vitamin Biz. 


Ask us for others! 
DELTA CHEMICAL WORKS 


23 West 60th St. New York 23,N.Y. 
Telephone Plaza 7-6317 


COORS Spatulas... 


Produced in a complete variety of sizes and styles 
are recognized in most modern chemical testing 
laboratories as an ideal tool for many important 
operations. 


They are perfect in design for weighing out 
reagents, stirring viscous materials, measuring 
bulk chemicals, etc.—also the smooth hard por- 
celain surface eliminates any possibility of cor- 
rosion or contamination of reactive materials. 


Obtainable from your laboratory supply dealer. 
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CELLULOSE 
POWDER 


for Chromatography 


The manufacturers of WHATMAN 


. Filter papers now offer ashless cellu- 


lose powder for column chromatog- 


raphy. 


This cellulose powder has certain 
definite advantages over starch, alu- 
mina and other powders in the 
chromatographic separation of vita- 


mins, carotenoids, amino acids, etc. 


You can obtain WHATMAN Cellu- 
lose Powder from your usual dealer 


in laboratory supplies. 


If you would like samples and fur- 
ther information please write direct 


to us. 


H. REEVE ANGEL & CO., INC. 


52 Duane St. New York 7, N. Y. 


WILKENS-ANDERSON CO 


“Semi Apparatus” 
by WACO xxx 


This 12 page booklet is TO-DAY’s catalog 


W 
I IMPROVED WACO SEPARATOR 


The new WACO is faster... hasa little 
more power for quicker starting. Inter- 
changeable holders for 75 mm. or 100 
mm. test tubes. It's SAFE for student use! 


No. CE-2314-M.. WACO separator- 
For 110 V. 60 cycle. CAST ALUMINUM 
HEAD. With removable tube holders 
for two 100 mm. and two 75 mm. test 
tubes (other selection is permitted). 


Each $41.25 


NO WAITING 
The tenth student need not wait ten minutes 
- the WACO permits quick stopping 
through slight palm pressure! 


WACO S-M Spatulas 


At the price: they class as “Non-Returnables’’! 
HAND FINISHED Spatulas, perfectly shaped for Semi-Micro 
Qualitative and Organic Chemistry. WACO Monel Spatulas are 
nicely balanced, permanent pieces. Glassware breakage is reduced, 
as scratching is eliminated. 


No. CE-7027. WACO Monel Spatulas, 175 mm. long, blade 23 x 5 
mm. tapered to 3 mm. width. Slightly dished tip to hold crystals. 
Bottom rounded. In 100 lots. ¢ each. $2.50 per doz. 


% Write today for 12 Page Catalog of WACO S-M Apparatus 
. . . shown in alphabetical order for easy reference! 


Also ask for WACO Apparatus Listings for several 
Text Books . . . for lowa, Ohio, McBride, Oklahoma, 
i and also Cheronis & Entrikin’s Organic. 


WILKENS ANDERSON CO. 


4525 DIVISION ST CHICAGO 51 ILLINOIS 
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Upon the BEST...... 


WORLD FAMOUS DETERGENT 
No matter what you want to clean . . . blood, encrusted pipettes, 


metalware, porcelain ware, machine parts, instruments, ...no mat- 
ter how dirty or greasy they may be... ALCONOX will make 
them sparkling clean, film-free, streakless. 


.TESTED—USED = Tn hot or cold water, ALCONOX is equally effective. It actually 


4 ap Fond — lifts off dirt, grime and grease faster than anything you have ever 


and industrial plants. tried. SAVES ENERGY, SAVES TIME 


Test it yourself on a 
tough job. Just wash and rinse. Toweling practically unnecessary. Economical too—one spoon- 


Available in: ful makes a gallon of active cleanser ready to go to work on your toughest job. 


Box of 3 Ibs. — Price $ 1.95 
Carton (12 x 3 Ib.) ea. 18.00 Dept. JCE 6 
Bag of 50 Ib. Ib, 40 


| ALCOMNOX, INC. |_auconox 


if your dealer cannot supply WETTING AGENT DETERGENT 
you, write for literature and e : 61-63 Cornelison Ave., Jersey City 4, N. J. FT =. 


ABC aresents the NEW type 


A completely redesigned balance with many new features, 


© Counter-balanced rider, true vertical lift—can't throw or lose the rider 
serves full length of beam. 


© Beam—seasoned alloy—treated to be stress-free. 


© Precision Arc Beam Arrest—eliminates sliding and dulling of knife 
edges. 


© Stirrup Arrestment—inverted dust free—non-sticking. 
© Case—Functionally engineered incorporating rigid aluminum castings. 


© Counterbalanced non-magnetic stainless steel sash frame and guaranteed 
non-breaking stainless steel cables. 


© Floating Glass Base Plate—free of all fastenings—no stress or stréi 
therefore will not break. 


© Neoprene Bottom Strip for sash frame—soft closing and dust-tight. 


®@ Top Window Gasket—dust-tight twofold design to allow for vibratior 
less mounting of fluorescent balance lamps. 


© Pans—non-magnetic stainless steel, extra large capacity 314” diameter 
414" between bow supports. 


@ 9-in-1 Arrestment control for beam and pans. 


AMERICAN BALANCE CORP. 


See the new Type JR balance 
at your dealer or write 


more detailed information. 408 POTTER AVE, wew ROCHELLE, 
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purity and uniform 
NALYTICAL FILTER PAP 


RELATIVE VALUES OF RETENTION OF ad 
es. S & S ANALYTICAL FILTER PAPERS * 
at- S'& S Hardened Filter Papers— 
ke e from the fastest to the most retentive 
© The very rapid hardened grades S & S No. 410 and 589-1 
II . H are particularly suitable for the reprecipitation and 
y e filtration of the metallic hydroxides and of bulky gela- 
yer * tinous ppts. from sodium hydroxide media. The grades 
e 404 and 497 have found excellent application in the 
4 production of S & S tear-proof folded filters. No. 402 
ry is being used extensively in soil analyses. No. 576 is 
on- « the standard grade for the filtration of serum, injection 
j 4 fluids, etc. The ash-free No. 507 possesses outstand- 
ja” Shot Se ing qualities in certain problems of chromatography. 
J} 49—597 & 497 
Write for samples and latest catalog No. 7(-A. 
White Ribbon v 
Pais 
12. 
- i 604 & 404 521 Washington St., Keene, New Hampshire 
Block Ribbon 
= stan ALWAYS INSIST ON S & S AMERICAN FILTER PAPERS 
SINKS AND HOODS 
res, is 


@ highly resistant 
to chemicals 


e@ essentially non-staining 
durable 
r @ attractive 


ht 


sail @ SUitable for construction 
Of liquid-, gas-, and 


germ i pro of joints ANOTHER MODERN RESEARCH LAB equipped with Alberene Stone table tops and 
sinks . . . new SOLVAY LABORATORY, Solvay Process Division, Allied Chemical & 


Dye Corporation, Syracuse, N. Y. Architects—The H. K. Ferguson Company. 


oF knife 


For full technical information, and for 
expert assistance in designing your labo- 


tatory, write Alberene Stone Corp. of A L NE TO N 


Virginia, 419 Fourth Avenue, New York 
16, N. Y., or visit our nearest branch office. Branches in Principal Cities 
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BARNSTEAD 
DEMINERALIZERS 


PROVIDE LOW-COST 
PURE WATER 


for Electroplating Anodizing 
© Photographic Solutions 
© Salt-free Rinse Water ¢ Silvering 
And Hundreds of Other Applications 


Four-bed Barnstead Demineralizer 
produces pure, sparkling-clear rinse 
water for pharmaceutical plant. 200 


Barnstead Four-Bed 
Demineralizer provides pure 
water for hot seal tank in 
anodizing. 30 gal/h. 


Four-bed Barnstead Demineral- Two-bed Barnstead 
Demineralizer. Used in 


izer pfoviding pure, high resistance large automotive plant. 
water for electronic mfgr. 1000 gal/h. 1000 gal/h. 


Selection of the best size and type of demineralizer for 
your operation depends on the nature of your raw 
water supply, flow rate needed, daily demand, and 
degree of purity required. Send a sample of your 
water to our Laboratory and Barnstead Engineers will 
perform the necessary analysis without obligation. 


PROMPT DELIVERIES WRITE FOR FREE CATALOG 


65 Lanesville Terrace, Forest Hills, Boston 31, Mass. 


STILL & STERILIZER CO. 


32 


there’s an 
E&D 
FILTER PAPER 
for most filtration problems 
of science or industry 


As manufacturers of filter and absorbent 
papers we gladly place at your disposal 
our experience and skill in helping you 
select the proper paper for the problem 
confronting you. Or, ifanew 
kind of paper is indicated, chances are 
we can produce it for you. 
Call on us without any obligation. 


EATON-DIKEMAN 


“MANUFACTURERS OF FINE FILTER PAPERS” 


FOR AUTHORITATIVE 
FLUORESCENCE MEASUREMENTS 


FARRAND 


PHOTOELECTRIC 


“‘an infinitely dependable instrument” 
. @ statement repeatedly substantiated by Scientists 
whose names will gladly be furnished on request. 
Provides stability and linear response over a wide range of 
sensitivities for measurements of extremely low concentra- 
tions in Micro or Macro volumes of solution. 


Suitable for all fluorometric methods of analysis: Thiamin, 
Riboflavin, Estrone, Estradiol, Folic Acid, Benzopyrene, Ata- 
brine, Porphyrins, Chlorophyll, drugs, oils, metal complexes, 
organic and inorganic compounds, etc. 


BULLETIN #803 


ON REQUEST PRECISION OPTICS, ELECTRONIC 


AND SCIENTIFIC INSTRUMENTS 


FARRAND OPTICAL CO., inc. 


BRONX BLVD. and EAST 238th STREET - NEW YORK 70, N. Y. 
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“DRIERITE 


Tue Versatile 


For Drying 
SOLIDS—LIQUIDS—GASES 


For eighteen years serving the 


INSTITUTIONS—INDUSTRIES 
LABORATORIES—PLANTS 


in the solution of their drying problems 


Efficient — Dries all organic liquids instantly in 
liquid or vapor phase. Gases retain only 
0.005 mg. HO per liter. 


Versatile — An all-purpose desiccant. 


Non-Wetting — Does not become wet on satu- 
ration, nor crystallize to walls of tubes, towers or 
desiccators. 


Neutral — Dries without reacting with either 
acid or alkaline materials. 


Inert — Except toward water. Does not decom- 
pose, polymerize, or catalyze organic sub- 
stances by contact. Insoluble in organic liq- 
uids. 


Regenerative — Repeatedly after any normal 
use, by dehydration at 235 to 250° C. 


Economical — Lowest priced high grade desic- 

cant. Available in quantity for Industrial 

Processes. 
References 

(1) Ind. Eng. Chem. 25-653 (June, 1933) 

(2) Ind. Eng. Chem. 25-1112 (Oct., 1933) 


(3) National Bureau of yy Journal of Research 
12-241 (Feb. 1934, R.P. No. 649) 


Granule Sizes: 2, 4, 6, 8, 10-20 and minus 20 mesh. 


Write for literature and quotations 


W. A. Hammond Drierite Company 
120 Dayton Avenue, Xenia, Ohio 


GET THE HABIT OF USING 


THE 


THYLENE 


This indispensable laboratory tool 


is a general purpose stirring rod 


of flexible, chemically inert poly- 
‘ethylene, moulded in one piece 
and stiffened by a wire within 
the % inch rod. A thin fan 
shaped paddle is on each end, 


by virtue of which it is also 


capable of functioning as a 


policeman of unique and 
superior characteristics. 


Though intended primar- 


ily for use at room tem- 
peratures, it may be 
used for short periods 
at temperatures up to 


@ Available in 
two convenient 
lengths. 


@ Unbreakable and 
never causes scratching 
of glassware. 


100 degrees centi- 


grade. 


@ Rod may be bent into 
any form to suit your 
requirements. 


@ Paddles can be trimmed 
with scissors or knife to 
any desired shape. 


@ Order your stock of 
NYLAB ‘Police Rods” 
today. 


WE RECOMMEND | | 
| 
| 
| 
| 
i 
\ 
| \ 
prices Per \ 
+ ate doze” 
nin, 4375 \ 
ae NEW YORK LABORATORY SUPPLY CO.,INC. 
76 Varick Street —New York 13,N.Y. 
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Photometers 


DISCOVERY 


No. 2070 


Designed for the rapid and accurate determina- 
tion of thiamin, riboflavin, and other substances 
which fluoresce in solution. The sensitivity 
and stability are such that it has been found 
particularly useful in determining very small 
amounts of these substances. 


— 


KLETT SCIENTIFIC PRODUCTS 


ELECTROPHORESIS APPARATUS e BIO-COLORIMETERS 
GLASS ABSORPTION CELLS e COLORIMETER NEPHELOM- 
ETERS e GLASS STANDARDS e KLETT REAGENTS 


Klett Manufacturing Co. 


179 EAST 87TH STREET, NEW YORK, N. Y. 


Chimie & Industrie — Paris 


The Chemical Age — London 


Lychnos (Annual of Swedish History of Science 
Society) — Uppsala 


The Scientific Monthly — Washington 


578 pages 


Nations unite 


in praise of — 


of the 
ELEMENTS 


by Mary Elvira Weeks 


‘For a chemist or more generally for any scientific and cultured 

rson, this volume provides entrancing reading . . . . profusely 
illustrated and provided with a very rich bibliography. Sucha 
work shows in a striking manner > be international character of 
science."’ 


“This admirable survey of chemical history makes fascinating 
reading. The chemists, ancient and modern, afe made to seem 
alive.... The completely international nature of science and 
the friendly relations between chemists of different nations 
stands out strongly.” 


“Of interest to Swedish readers is the biography of the de 


Elhuyar brothers .. . . and, above all, the chapter on J. A. Arf 
wedson, who at a very early age attracted attention by his dis- 
covery of lithium."’ 


Chemiker-Zeitung — Berlin 


“The chemical elements have herein found their Homer who 
presents the story of the discovery of the elements, old and new, 
in a vivid panorama of prose and through a notable collection of 
portraits, apparatus drawings, facsimiles of autographs, and 
the like.... Of this work one can say with justice and author- 
ity that it will stimulate not only the historical but also the 
experimental chemist who reads it.”’ ; 


“The book can be enjoyed with equal pleasure by the young and 
old.... For the beginner in science there are few books more 
suitable for collateral reading, with its fascinating and stimu- 
lating accounts of how perseverance, or intuition, or accident, 
has contributed to the making of some discoveries, and of how 
lack of caution, or over-caution, has prevented some investigat- 
ors from achieving the fame of discovery. To older readers the 
book will be a veritable treasure-trove of scientific information. 


The wealth of references at the conclusion of each chapter will 
be a useful guide to librarians and to those desirous of enriching 
their collections with the rarer works on the history of chem- 
istry. The typography of the volume is excellent."’ 


New Technical Books —N. Y. Public Library 


“A skillfully arranged history . . . . highlighted with incidents 
from the biographies of scientists, and illustrated with more 
than 300 photographs and other reproductions." 


Journal of the A.M.A.— Chicago 


“Everyone active in scientific fields is interested in various 
phases of history. The discovery of the elements provides no 
exception. Physicians, chemists, and others enjoy this book. 
Ic is useful in any library but has added value for teachers, re- f 
search workers, and the like."’ 

$4.00 


Journal of 


HEMICAL EDUCATION= 


Easton, Pennsylvania 
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wan As Handy As Your Tap 


Penfield Permanent Cartridge 
DEMINERALIZER 
With Exclusive Flow Meter 


Delivers up to 10 gph of super high purity 
water at turn of faucet — and at only a 
fraction of the cost of distilled water. Elec- 
tric Conductivity Meter furnishes continu- 
ous quality indication. Permanent Cartridge 
feature cuts operation costs by at Icast 25% 
over other laboratory demineralizers. Send 
for folder M-8. Or ask your favorite Labor- 
atory Supply House. 


PENFIELD MANUFACTURING CO., INC. 
19 High School Ave., Meriden, Conn. 
FILTERS - SOFTENERS - DEGASIFIERS - DEMINERALIZERS 


Only Penfield provides 
a Sight Indicator 
(Flow Meter) that en- 
ables the operator to 
adjust the intake flow 
to the proper rate for 
most efficient ion ex- 
change action. 


FOREVER 
RESISTS: DIRT: Ol 
WATER: ACIDS 


STICKS WITHOUT 
MOISTENING 


PERFECT for LABORATORY, STOCK ROOM, OFFICE 


Nothing else like LABELON— 
the amazing “Write on it" 
plastic tape! Use it to mark 
test tubes, glass vessels, test 
batches, specimens . . . to 
identify circuits, panel boards, 
fuel lines, instruments . . . to 
label stockroom shelves, bins, 
hard-to-mark objects. Ideal too, 
for office files, folders, stored 
records, etc. 


Write to 
Dept. JCE 


LABELON TAPE sticks without 
moistening to any smooth, 
clean surface—yet can be 
quickly removed. Resists heat 
up to 160°. Just write on it 
with pencil or stylus—message 
won't smudge. Choice of 
widths and colors. Handy dis- 
penser with cutter bar. 

See your nearest dealer, or 
write for sample and prices. 


LABELON TAPE CO., Inc. 


450 Atlantic Ave., Rochester 9, N.Y. 


A New Special Type Detergent 


117-119 East 24th Street 


ORONOX 


Rust Inhibitor—Removes and prevents rust 
Cleans and Brightens Instruments like new 
Harmless to hands 
Eliminates tedious scrubbing 
Leaves no film 


Write for Sample 
1'/, lb. box $1.95 


The Best Detergent, Wetting Agent and Rust Inhibitor on the Market 


AMEND DRUG & CHEMICAL Co., INC. 


New York 10, N. Y. 


Please mention CHEMICAL EDUCATION when writing to advertisers 
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APPARATUS 
EQUIPMENT 


CHEM ED BUYERS’ GUIDE 


CHEMICALS 
SERVICES 


NEW 
. PRICE LIST #115A 
AVAILABLE ON REQUEST 
Amino Acids 
Polypeptides 
Enzymes 
Hormones 
Research Biochemicals 
RESEARCH 
LABORATORIES 


136 Liberty St. New York BEekman 3-5863 


Dibenzanthracene Endosuccinic Acid 
Methylcholanthrene Endosuccinic Acid 
Other Carcinogenic Hydrocarbons & 
Derivatives Available 


EDCAN LABORATORIES 
Box 489, South Norwalk, Conn. 


 1-(0-TOLOXY) -2,3-PROPANEDIOL 


ISONICOTINIC ACID HYDRAZIDE 


KING COLE CHEMICALS INC. 
Box 1546 3413 Chase St. 
Huntington, W. Va. 


IMMEDIATE 
DELIVERY 
from complete stocks 


Alkaloids 
Natural and Synthetic Amino Acids 


Unnatural Amino Acids 
Biochemicals 
Enzymes and Coenzymes 


Heterocyclic Compounds 
Imines and Amines 
Metalorganics 
Pharmaceuticals 
Purines and Pyrimidines 
Rare Organic Acids and Derivatives 
Reagents 
Sugars and Derivatives 


Vitamins and Derivatives 


17 West 60th St.. New York 23, N.Y. 
Plera 7-81371 


NEW! ALLEN 


REFERENCE SETS 
For Microscopical Studies in 
Mineralogy and Petrology 
Write for Leaflet RA-JCE 


118 Li St. 


ETHYLENE IMINE 


CHEMIRAD CORPORATION 
P. O. Box 36 
Bladensburg, Maryland 


NEW LABORATORY “Labconco” 
solves tough grinding p 


prepare a large number and LA. of samples. 
t on this rugged mill permits 
an endless number of settings, from powder-fine to 
coarse grind. Newly designed cutting pitas are 
easy to clean, and novel steel-and-leather wipers 
continuously sweep the grinding chamber clean. 
Available in 4 h P- or 1 h.p. models. For pic- 
tures, prices and full details on the new mill, write 
today to the manutacturer. 


LABORATORY CONSTRUCTION CO. 
1113 Holmes Street 9 Kansas City, Mo. 


The INDENTS 


provide more 
complete agita- 
tion—a real TUR- 
BULENCE—a 
thorough mixture. 


Available in 1 and 3 Neck Types 
in a wide range of capacities. 


Send For Bulletin MTF-C 


ACE GLASS INC 
VINELAND @ NEW JERSEY 
FOREMOST IN STANDARD AND SPECIALIZED 
GLASSWARE FOR RESEARCH AND INDUSTRY 


(SINCE 1874" gem 


RIGINAL 
CALCULATOR 


For The Chemist and Engineer 


Sturdy: Low Priced: Weight 12 Ibs. 
Easy to Learn: New Back Transfer 
Device Speeds Up Calculations 


Ask For Bulletin CQ-63 


SOLE DISTRIBUTORS FOR U.S.A 


IVAN SORVALL, INC. 
210 FIFTH AVE., NEW YORK 10, N.Y. 


Unit Objective Tests in | 
Organic Chemistry | 

A limited number of some of | 
these tests are still available. | 
UNIVERSITY LITHOPRINTERS | 
Ypsilanti, Michigan 


The 


Chemical 
Arts of 
Old China 


Li Ch’iao-P’ing 


“Indispensable, not only for 
chemists, but also for students 
of civilization, economics, and 
of the arts of Asia, for curators 
of museums, and merchants 
who handie Chinese goods.... 
A truly attractive volume for 


all people of culture.’’—Cien- 
cia e Investigacién, Buenos 
Aires 

(Outside U.S.A. $5.50) $5.00 


Order from 


CHEMICAL EDUCATION 
PUBLICATIONS 


Easton, Pennsylvania 
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Low-Cost Immersion Heaters 


Automatic . . . Safe . . . Ready to Use 


A handy, portable heating device built of acid re- 
sistant stainless steel. Safety cut-out prevents ele- 
ment from overheating or burning out when out of 
solution. Heats oils, chemicals, developing solutions, 
etc. 


EASY to USE . . . Special grip handle makes unit 
slip-proof for use as shown in illustration below. En- 
tirely automatic. Adjustment knob regulates temper- 
ature as calibrated on dial. 


EXTRA SAFE . . .No fire hazard. Completely 
insulated against electric shock. Gives uninterrupted 
service. 


ECONOMICAL ... All units operate on 110 v. AC 
1000 watts., 9.5 amps. Noheatloss. Immersion type 
thermostat integrated in unit guarantees positive tem- 
perature control to within plus or minus | °F. 


Immersion heater installed 
in tank. Can be used as 
portable stirrer or attached 
to side of receptacle, as illus- 
trated, by means of conven- 
tent clip. This attachment 
is an integral part of unit. 


PRICES 
Cat. No. Heating Element Price 
X-920 4 $11.95 
X-921 16.50 
X-922 10” 17.50 
X-923 1” 18.95 
X-924 20” 21.95 


32.95 


|ENERAL 


320 MARKET STREET. PATERSON 3,N SHERWOOD 2.1)23-4 
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WHAT’S NEW 
in the Second Edition 


POLAROGRAPHIC METHOD OF ANALYSIS) 


By OTTO H. MULLER, Associate Professor, State University of 
New York, Medical Center at Syracuse University, Syracuse, N, y 


In revising ‘‘Polarographic Method of Analysis,’ the author added 
much new material making the second edition virtually a new book. 
It has been completely reset, revised and enlarged to 209 pages. Fol- 
lowing is a list of some of the new material added to this edition: 


CHAPTER I 
CHAPTER II 
CHAPTER III 


CHAPTER IV 


CHAPTER V 
CHAPTER VI 


CHAPTER VII 


CHAPTER VIII 


Discussion of polarization, depolarizers, and sign of electrode potentials. 
Time saving apparatus and recording instruments and their wiring circuits. 


The analytical application of maximum suppression. 

Exaltation of current in absence of supporting electrolyte. 

Kinetic current and three possible ways in which it may be produced. 
Catalytic current and recent developments in this field. 


Electrode deposition of metals from complex metal ions. Reaction of 
organic compounds in unbuffered solutions and demonstration of buffer 
action. In this a suggestion is made about using the method of buffer 
action as a method of the quantitative analysis of non-electroactive sub- 
stance. Influence of temperature and solvent on the half wave potential. 
Reduction of hydrogen ions at the dropping mercury electrode. 


Polarometry is now treated as a separate chapter and has been extended. 


is completely new. It treats such recent developments as differential 
polarography, derivative polarography and oscillographic polarography. 
Also in this chapter are discussed newer developments in electrodes which 
are used for polarographic analysis, such as the multiple dropping mercury 
electrode, the knock-off electrode, and the streaming mercury electrode 
and various forms of platinum electrodes, such as the stationary and 
rotating platinum electrodes, and the by-pass electrode. 


is the old chapter 5, to which have been added method of standard addi- 
tion, method of step quotients, pilot ions, and their use, the electrolysis 
prior to polarographic analysis, the anomolous wave and the protein index. 


In this chapter are discussed the various factors which may cause irregu- 
larities in polarographic curves. Also given is the information which 
makes it possible to characterize any given electrode and to select a capil- 
lary for a dropping mercury electrode with a desirable drop time and 
drop weight. 


An appendiz has been added in which are given the potentials of reference electrodes as well 
as @ list of useful buffers for polarographic analysis. Finally, an index has been added which 
should make the book much more valuable than its predecessor. 


illustrated 
Order your copy today from 


CHEMICAL EDUCATION PUBLISHING CO. 


EASTON, PENNSYLVANIA 
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‘4 CAMERA & PLATE HOLDER 


VACUUM GAUGES 


CAMERA 
CABLE RELEASE 


DIFFUSION PUMP 
INDICATOR LIGHT 


FORE PUMP 


FARRAND ELECTROSTATIC 
LENS SYSTEM SIMPLIFIES 
ELECTRON MICROSCOPY 


The Farrand Electrostatic Lens System has 
made possible the design of an electron micro- 
scope in which complexities have been mini- 
mized so that optimum performance is made 
teadily attainable, operation is simplified, 
servicing is easy and maintenance economical. 


The Farrand Electrostatic Electron Micro- 
scope has been developed with the objective 
of producing an instrument having high res- 
olution with all of the advantages associated 


§ with electrostatic lenses, maintaining the 


highest image quality and stability with max- 
imum convenience to the operator. 


PRECISION OPTICS, 
ELECTRONIC AND 


A 
ELECTR TROSTATiCc 


POWER SUPPLY CONTROLS 
PUMPING VALVES 


DESSICATOR 


GUN BIAS” 


MAGNIFICATION CONTROL 


HIGH VOLTAGE 
POWER SUPPLY 


DISTINCTIVE ADVANTAGES 


Resolving power 30 au — freedom from astigmatism — ease of align- 
ment — distortionless image — consistent high image quality at direct 
magnifications up to 20,000X. 


Electron gun is of high intensity and efficiency — filaments are easily 
and quickly replaceable — adjustment for pinhole position and beam 
alignment can be made during instrument operation — specimen 
holder permits manipulation in three translational motions. 
Power supply is small, compact and easy to service — output voltage 
is variable making operation possible over a wide range without 
change of focus. 


Large area viewing screen — built-in camera arrangement without air 
lock — specimen holder permits rapid change and setting of specimen. 


Adaptable for electron diffraction techniques — stereo electron micro- 
graphs. 
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Add a third dimension to your 
visualization of complicated molec- 
ular structures! Use the new Fisher- 
Hirschfelder-Taylor Metal-Coordi- 
nation Atom Models. You can 
readily construct compounds of 
elements that have a “coordination 
number” of six (cobalt, chromium, 
iron, manganese, nickel, platinic 
platinum, etc.) ...as well as com- 
plexes of metals whose coordina- 
tion number is four (planar con- 
figuration only). You can make 
three dimensional models of mol- 
ecules, ions or groups which will 
illustrate geometric, optical or cis- 
trans types of isomerism . . . and 
show complex metal ammines, 


metal-coordination 
with NEW 
FISHER ATOM MODELS 


hydrated ion structures, metal 
chelate compounds and other struc- 
tures of definite interest to current 
chemical studies. 

A total of 14 different varieties of 
atoms are contained in the 87-atom 
metal coordination kit, including 
six new types not available in the 
already-popular Fisher 86-atom 
organic kit. Models in both kits 
incorporate the latest scientific 
knowledge as to atom sizes, bond 
angles and internuclear distances, 
and are 100 million times “life 
size” (one centimeter equals one 
Angstrom unit). You can measure 
a molecule’s actual size by merely 
laying a meter stick across your 


molecular model. Such factors 
space relationships and steric hi 
drance are easily demonstrated. 


Send today for more information 
the Fisher-Hirshfelder-Taylor Metah 
Coordination Kit or Organic Ki 
Write: Fisher Scientific Co., 763 For 
St., Pittsburgh 19, Pa. 
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